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ABSTRACT 


Results  are  presented  from  the  final  year  of  a  5-year  program  in  research  and  development  in  hydrocarbon  fuel 
handling  and  contaminant  control,  along  with  a  statistical  analysis  of  results  from  earlier  tests  performed  to  develop 
procedures  for  evaluating  filter-separator  c  vicrts,  fuels,  and  fuel  additives.  The  program  included  a  large  number  of 
tests  in  a  single-element  filter-separator  test  :  a  variety  of  small-scale  studies.  A  small  coalescer  device  was 

developed  and  operated  to  study  the  role  of  filter-media  parameters  in  removal  of  free  water  from  fuel.  In  the  water 
separometer  (WS1M)  test,  variability  in  coalescer  disks  was  shown  to  be  one  of  the  primary  sources  of  poor 
repeatability;  no  significant  improvement  couid  be  made  by  the  use  of  controlled  washing  or  disk-conditioning 
procedures,  but  the  use  of  fine  media  offered  some  promise  for  improvement.  In  a  small-scale  investigation  of 
low-temperature  plugging  of  filter  media,  it  was  found  that  addition  of  fuel  system  icing  inhibitor  (FSI1)  increased 
the  plugging  rates,  and  that  elimination  of  the  glycerol  component  of  the  FS11  did  not  solve  the  problem  completely. 
In  an  investigation  of  analytical  methods  for  the  FSfl  content  of  fuels,  it  was  found  that  the  standard  refractometer 
method  (Method  5340  in  Fed  Std  791a)  gives  results  about  10%  below  the  true  values  and  that  this  systematic  error 
can  be  eliminated  by  using  a  different  method  of  calibration.  Large-scale  tests  on  a  Static  Charge  Reducer 
demonstrated  its  effectiveness  on  several  fuel  blends  at  300-  and  600-gpm  flow  rates.  The  antistatic  additive  ASA-3 
was  effective  in  minimizing  charge  buildup  in  uninhibited  JP-5  fuel  but  was  less  effective  in  these  tests  when  the  fuel 
contained  a  corrosion  inhibitor. 


Distribution  of  this  Abstract  is  unlimited. 
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RVP  Reid  vapor  pressure 

SCR  Static  Charge  Reducer  (A.  0.  Smith) 

SD  Standard  deviation 

Snt  Santolene  C  (Monsanto)  fuel  corrosion  inhibitor 

ST  Surface  t<  nsion 

Tol  Tolac  244  (Petrolite)  fuel  corrosion  inhibitor 

Tot  Totamitor  (Bowser/,  fuei  turbidity  meter 

Uni  Unicor  M  (Universal  Oil  Products)  fuel  corrosion  inhibitor 

WSIM  Water  Separometer  Index  Modified,  ASTM  D  2550 


SECTION  I 


INTRODUCTION 


This  report  covers  the  final  year  of  a  5-year  program  in  research  and  development  in  hydrocarbon  fuel 
handling  and  contaminant  control,  plus  a  more  complete  analysis  of  earlier  tests  concerned  with  development  of 
suitable  t*st  procedures  for  evaluating  filter-separaior  elements,  fuels,  and  fuel  additives. 

Other  phases  of  this  work  have  been  concerned  with  development  of  a  small-scale  device  for  studying  the  role 
of  various  fiiter-media  parameters  in  the  coalescence  of  free  water  from  fuels,  the  problem  of  media  plugging  at  low 
temperatures,  the  effects  of  various  factors  on  water  separometrr  test  results,  the  determination  of  fuel  system  icing 
inhibitor  concentration  by  the  refractometer  method,  the  effectiveness  of  a  static  charge  reducer  apparatus  and  an 
antistatic  additive,  and  the  feasibility  of  determining  solids  contents  of  fuel  and  water  by  means  of  silver  membrane 
filters. 

A  number  of  related  subjects  have  been  studied  both  in  the  earlier  years  of  this  program  and  during  the  final 
year  reported  here.  These  studies  are  described  in  earlier  reportsO'^)*. 

Appended  to  this  report  are  complete  data  from  93  single-element  filter  separator  tests.  Including  earlier 
reports,  complete  data  from  330  tests  have  been  reported. 


‘Raised  numbers  in  parentheses  refer  to  the  List  of  References  at  the  conclusion  of  this  report. 


SECTION  II 


TEST  FACILITY  AND  EQUIPMENT 


1.  Tut  Loop 

The  test  loop  used  in  the  experiments  considered  herein  has  been  described  in  detail  in  a  previous  report.^) 
The  primary  objective  in  the  design  of  this  loop  was  to  ensure  its  adaptability  to  a  wide  variety  of  test  conditions  in 
experiments  with  single  elements  or  with  filter-separator  assemblies.  Aluminum  and  stainless  steel  were  the  principal 
materials  of  construction;  no  copper  alloys  nor 
carbon  steels  were  used  for  fuel-wetted  parts.  For 

purposes  of  identification  in  this  report,  »his  _ 

facility  is  termed  the  Al/SS  loop.  .  oa  _  „„ 


A  simplified  flow  diagram  of  the  loop  is 
shown  in  Figure  1.  For  the  work  reported  herein, 
fuel  was  pumped  into  one  of  the  two  tanks  shown 
in  the  diagram  and  recirculated  through  the  test 
system  and  back  to  the  same  tank.  The  volume  of 
fuel  used  in  each  test  was  600  gal,  and  the  flow 
rate  for  most  tests  was  20  gpm. 

The  water-injection  system  is  independent  of 
the  water-main  pressure  and  can  be  used  with 
water  of  any  desired  composition.  In  the  majority 
of  tests  considered  herein,  filtered  water  from  the 
mains  was  used. 

Ahead  of  the  water-injection  point,  dry  fuel 
is  drawn  to  feed  the  solids-injection  system,  which 
is  shown  schematically  in  Figure  2  Dry -solids 
injection  was  used  in  most  of  the  work  reported 
herein,  but  premixed  slurry  was  used  in  a  few 
tests. 

In  order  to  give  the  reader  a  general  idea  of 
the  efficiency  of  the  dirt  feeder  used  in  the  loop 
tests  reported  herein,  the  following  table  was 
prepared: 


OuoM*  — 
Fual 

Ciwqiovu 


PrWfcMT 
Comroi  Vb*v» 


f  u4  I  Add«ttv« 

Purr*)  I  In^tctun 


Dry  Dirl  or 
Slu-r>  Fwd 


Solid* 

Pump 


LJ  Sown 
- - - 

I _ o 


Cquonw*  <  !  r 

- r - r — d 


FIGURE  I  SIMPLIFIED  FLOW  DIAGRAM 
OF  A !  SS LOOP 


_  Type  of  solids 


Number  of  tests 


accuracy  o!  lefvciv 


Coarse  AC  dust 

Fine  AC  dust 

Red  iron  oxide  (1-1  i 6) 

Red  iron  oxid“  (R-9WK) 
Ground  iron  ore  '  B-00985) 
Black  iron  oxide  (“N”) 

50%  fine,  50%  coarse  AC  dust 


Percent  accuracy  of  delivery  with  the  diffcicnt  contaminants  was  calculated  by  determining  the  elemei  '  weight  gam 
due  to  solid  Contaminant  retention  during  a  single  element  loop  test  (Out  recovered),  dividing  that  tiguie  h>  tire 
nominal  dirt  delivered  into  influent  fuel  during  the  test,  then  multiplying  by  MX) 


FIGURE  2.  SOLID-CONTAMINANT  SYSTEM 


Essentially  all  of  the  woik  reported 
herein  was  perfotmed  with  an  8-in. 
aluminum  housing  equipped  with  a  single 
military-standard  element  and  a  double- 
Mfalnf  wall  PTFE-coated  screen  canister.  Brief 
studies  were  made  with  a  transparent 
housing  designed  for  observation  of  flow 
patterns.  Both  of  these  housings  are 
described  in  detail  in  Reference  3. 

The  clay  filter  shown  in  Figure  1 
was  installed  during  the  latter  part  of  the 
program.  It  is  a  Peco  Series  34,  Mode! 
34-3-736D,  rated  at  42  gpm,  with  three 
Peco  No.  PC  736-D  clay  canisters. 

2.  Pressure-Check  Trough 

During  the  latter  portion  of  the  pro¬ 
gram,  the  fuel  flow  resistance  of  each  test 
element  was  measured  for  correlative  pur¬ 
poses.  This  was  done  immediately  before 
each  test  by  mounting  the  elemc-U  in  an 
open  trough  containing  fresh,  uninhibited 
JP-5  fuel  and  measuring  the  pressure  loss 
(AP)  while  pumping  fuel  through  the  ele¬ 
ment  at  20  gpm.  This  apparatus  is  shown 
schematically  in  Figure  3.  The  pressure 
probe  was  designed  to  eliminate  any  veloc¬ 
ity-head  effects.  The  fuel  temperature  was 
not  controlled,  but  was  generally  60  to 
70°F  or,  in  extieme cases,  55  to  75°F.  This 
apparatus  was  used  to  check  most  of  the 
element  starting  with  Test  220.  Origi¬ 
nally,  a  1 5-in.  mercury  manometer  was 
used  to  measure  the  AP,  positioning  the 
manometer  to  eliminate  fuel  leg  correc¬ 
tion.  After  Test  298,  a  pressure  gage  was 
used.  All  element  AP  values  in  this  report 
are  expiessed  in  psi. 


FIGURE  3.  PRESSURE-CHECK  TROUGH 


Such  ext i a  handling  ol  the  element  prior  to  test  >s  somewhat  undesirable  because  of  the  possibilities  of 
physical  damage  and  of  changing  i he  <.  lenient's  performance  eluracteristics  Earlier,  an  attempt  had  been,  made  to 
obtain  element  AP  values  b>  measurements  on  the  test  housing  and  canister,  with  and  without  the  element.  As 
described  l.itei  in  this  report,  the  flow  characteristics  in  the  housing  are  altered  4o  drastically  by  the  presence  of  the 
cleincm  that  no  valid  measure  of  element  AP  could  he  obtained  by  this  method  of  differences. 


3  Small -Scale  Equipment 


Bench -wale  and  labors!. x\  equipment  used  m  dm  pi  'gram  arc  described  m  liner  sec* ions  of  this  re  /o  ', 
with  the  discussions  ol  results  i>b<a.,icd  with  --ich  equipment 


along 


SECTION  III 


TEST  MATERIALS 


1.  Tent  Fuel 

Test  fuels  for  this  work  were  JP4  and  JP-S,  supplied  without  additives.  These  fuels  were  held  in  Air  Force 
storage  facilities  for  this  and  other  programs.  Batches  of  12  to  25,000  gal  of  fuel  were  transferred  from  Air  Force 
storage,  by  means  of  refueling  trucks,  to  storage  tanks  located  adjacent  to  the  test  facility.  Each  such  transfer 
represented  a  “batch”  of  fuel  as  defined  for  this  program.  Fuel  batches  were  used  in  Al/SS  loop  tests  as  follows: 

Test 


Batch  No. 

Type 

No. 

14 

JP4 

48-62 

15 

JP-S 

63-76 

16 

JP-5 

77-83 

17 

JP-5 

84-99 

18 

JP-5 

100-128 

19 

JP-5 

(29-150 

20 

JP-5 

151-175 

21 

JP-5 

176-199 

22 

JP-5 

200-211 

* 

JP4 

212-219 

23 

JP-5 

220-258B 

24 

JP-5 

259A-313 

25 

JP-5 

314-329 

♦From  Area  B,  TK  12,  received  6  February  67. 

Inspection  data  for  these  fuels  are  presented  in  Table  1 ,  and  military  specifications  for  JP4  and  JP-5  are  given  in 
Table  2. 

2.  Fuel  Additives 

Fuel  corrosion  inhibitors  used  in  this  work  are  listed  below,  alor.g  with  the  abbreviated  designations  used  in 
tables  and  figures  of  this  report: 


Snt  Santolene  C  (Monsanto) 

AFA  AFA-1  (duPont) 

RP  Rust  Preventive-2  (duPont) 

Uni  Unicor  M  (Universal  Oil  Products) 

EDS  Na-Sul  EDS  (Vanderbilt) 

Tol  Tolad  244  (Petrolite) 

Lubi  Lubrizol  541  (Lubrizol) 


All  of  these  inhibitors  except  the  Na-Sul  EDS  are  qualified  matefials  under  MIL-I-25QH7B.  The  Na-Sul  EDS 
had  been  qualified  under  an  earlier  version  of  tne  inhibitor  specification,  before  any  close  restrictions  had  been 
placed  on  emulsification  behavior. 

The  icing  inhibitor  used  in  this  work,  designated  as  AiA  (anti-icing  additive)  or  FSH  (fuel  system  icmg 
inhibitor),  was  obtained  from  Dow  Chemical  Company  and  conformed  lo  MIL-1-27686D.  The  specified  composition 
of  this  material  was  99.6%  2-methoxyethanol  (ethylene  glycol  monomethyl  ether)  and  0.4%  glycerol. 
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TABLE  1 .  INSPECTION  TEST  RESULTS  ON 
UNINHIBITED  FUELS 


R53 

Sample 

from 

D3te 

API 

Grav 

.  _  J 

Distillation,  °F 

IBP- 1 0%-20%-50%-90%-EP 

JIM  Fuel 

... 

Ashland* 

m 

55.2 

126- 192-224-300-420-506 

0.6 

1.8 

3.0 

96 

14 

Tank 

Hi 

— 

122-188-220-299423-499 

0.4 

_ 

2.9 

— 

IP-5  Fuel 

15 

Truck 

4/10/67 

353-380  394-421468496 

0.2 

0.2 

- 1 

... 

_ 

15 

Tank  ) 

4/21/67 

42.7 

!  340-377-38941 5460494 

0.6 

0.6 

134 

— 

99 

15 

Tank  2 

4/21/67 

42.7 

j  346-378-389416458488 

0.6  i 

0.6 

137 

15 

Tank  2 

5/31/67 

— 

353-382-395422465490 

1.0 

1.0 

135 

— 

88 

16 

Tank  1 

5/31/67 

— 

356-380-396421-462491 

1.0 

1.0 

134 

— 

— 

16  ! 

Tank  2 

5/31/67 

... 

354-383-396423464490 

1.0 

1.0 

136 

— 

89 

17 

Tank  1 

7/6/6? 

42.7 

348-383-394  42046249! 

0.4 

0.6 

134 

— 

72 

17 

~ank  2 

7/6/67 

42.7 

351-382-396422466489 

0.4 

0.8 

134 

87 

18 

Tank  1 

8/14/67 

42.5 

353-382-394421465494 

J.2  { 

14 

136 

18 

Tank  2 

8/14/67 

42.5 

358-378-397421466498 

1.4 

1.4 

'78 

— 

— 

19 

Tank  1 

No  data  except  WSIM 

94 

20 

Tank  1 

10/5/67 

42.6 

357-385-395420467-500 

0.2 

0.8 

137 

~ 

95 

20 

Tank  2 

10/5/67 

42.6 

357-384-395422468499 

0.6 

1.2 

138 

-- 

77 

.... 

Ashland* 

10/6/67 

42.0 

380-393402412446490 

0.6 

2.9 

154 

_ 

98 

21 

lank  1 

1/16/68 

41.1 

372-399 - 425456484 

1.0 

1.0 

146 

— 

98 

21 

Tank  2 

1/16/68 

41.1 

372-398 - 424454494 

0.8 

1.0 

147 

j  ~~ 

94 

22 

Tank  1 

3/18/68 

41.2 

366-396405422453491 

0.2 

— 

148 

— 

89 

22 

Tank  2 

3/18/68 

41.1 

38040 1 40842645 7498 

0.4 

— 

148 

— 

23 

Tank  1 

6/28/68 

41.8 

367-386-394415458482 

0.0 

1.0 

143 

—  ! 

92 

23 

Tank  2 

6/28/68 

41.7 

364-384-390412456490 

0.0 

1.0 

144 

— 

95 

23 

Tank  1 

7/22/68 

41.8 

356-382-390412457481 

1.0 

1.0 

143  1 

87 

23 

Tank  1 

8/16/68 

41.9 

346-7.84-3944 1 4457482 

... 

78 

21 

!  Tank  2 

11/18/68 

41.8 

369-388-395415458495 

0.0 

0.6 

145 

... 

75 

23 

Tank  2 

12/3/68 

41.7 

372-388-395  417458493 

0.2 

0.6 

144 

— 

... 

24 

Tank  1 

6/10/69 

41.7 

368-384-39441 5458498 

2  2 

2.2 

142 

... 

92 

24 

Tank  2 

6/10/69 

41.8 

367-386-394-414457492 

0.4 

1.0 

144 

-- 

98 

25 

Tank  1  | 

7/7/69 

42.2 

356-388- 3964 1 6-460-49 1 

02 

0.4 

129 

... 

91 

25 

Tank  2 

VI  jw 

42.0 

L  ... 

363-388-395414458495 

! 

0.2 

0.6 

142 

. 

! 

92 

*  Source  imprvtmnt  by  Avlilahd  All  olbrr  intpectiom  by  Ab  laboratories. 
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T  ABU:  2.  MILITARY  SPECIFICATIONS  FOR  JP4  AND  JP-! 


M1L-T-5624G,  5  Nov  65* 


JP-4 

JP-5 

Gravity,  API/60 

45-57 

3648 

Distillation:  20%,  °F,  max 

290 

— 

50%,  °F,  max 

370 

— 

90%,  °F,  max 

470 

•- 

EF,  °F,  max 

— 

550 

Residue,  %,  max 

1.5 

1.5 

Loss,  %,  max 

1.5 

1.5 

Existent  gum,  mg/ 1 00  ml,  max 

7 

7 

Potential  residue,  mg/ 100  ml,  max 

14 

14 

Sulfur,  %,  max 

0.4 

0.4 

Mercaptan  sulfur,  %,  max 

0.001 

0.001 

Reid  vapor  pressure,  psi 

2.Q-3.0 

- 

Freezing  point,  eF,  max 

-72 

-51 

Heat  of  combustion,  Btu/lb,  min 

18400 

18300 

Aniline-gravity  product,  min 

5250 

4S00 

Viscosity ,  os  at  -2Q°F,  max 

— 

16.5 

Aromatics,  vol  %,  max 

25 

25 

Olefins,  voi  %,  max 

5 

5 

Smoke  point,  mm,  min 

- 

19 

Luminometer  no.,  nun 

60 

50 

Explosiveness,  %,  max 

— 

50 

Flash  point,  °F,  min 

~ 

140 

Smoke  volatility  index,  min 

52.0 

— 

Copper  corrosion,  ASTM,  max 

No.  1 

No.  1 

WSIM,  min 

85t 

85t 

Water  reaction  rating,  max 

Thermal  stability: 

1-b 

Filter  AP,  in.  Hg,  max 

3.0 

3.0 

Preheater  deposit  color 

Particulate  matter,  mg/ gal,  max 

<3 

1  <3 

F  O  B  origin  deliveries 

4 

— 

F.O.B.  destination  deliveries  j 

8 

-- 

FSll  content,  vol  % 

0.100.15 

I 

•Written  ta  tuch  without  t/u*r<»KX*  rnMnlt*  Sufesetfurot  JCJitUatcment  al 

carrcrtan  inhibitor  in  ft-4  was  c£»*w!&ci  fc>  Aftocndirttnl  !.  '  l 

f  I*  of  it  A.,  mcnmuto  WSW  wm  4?$f*pc4  U>  70  fey  Ai?wi»*htawii  \  *t  the  vaw  Umr 
com  .,on  mhiNUwA  w«t  rctnrUIrd  m  fuel  Mimmuuj  WS1M  irroaiord  at  fit 
faff  Jf-5  (without  lorToMtsu  mhifeitcxr? 
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Five  other  additives  used  in  tlus  group  of  tests  were  as  follows: 

ASA  Antistatic  additive  ASA-3  (Shell) 

PtL  Petronate  L  sodium  sulfonate  (Witco) 

PtCP.  Petronate  CR  sodium  sulfonate  (Witco) 

NC-2  Sodium  naphthenate  from  415  mol.  wt 

acids,  25%  active  ingredient 
NA-1  Sodium  naphthenate  from  310  mol.  wt 

acids,  25%  active  ingredient 


3.  Injection  Waters 

The  contaminant-water  used  in  these  tests  consisted  either  of  filtered  tap  water  or  synthetic  blends  of  various 
compositions.  The  tap  water  available  from  the  mains  at  Wright-Patterson  AFC  is  hard  well-water  with  no  treatment 
except  chlorination  to  0.4  ppm  gas  injection.  Total  hardness  is  about  380  ppm,  and  pH  is  about  7.6.  It  has  been  used 
for  a  considerable  amount  of  single-element  testing  and  has  been  found  to  be  quit**  consistent  in  pH  and  surface 
tension.  It  appears  quite  suitable  for  use  in  filter-separator  testing,  so  long  as  a  suitable  filter  is  installed  in  the 
water-injection  system  to  guarantee  a  low  content  of  insoluble  materials. 

The  principal  synthetic  water  composition  used  in  this  work  was  originally  designated  “Standard  Water  No. 
1,"  but  subsequently  was  designated  “Type  B"  since  it  is  a  close  match  for  the  Type  B  medium-hardness  water 
frequently  cited  in  handbooks  as  typical  of  Great  Lakes  water  supplies.  This  synthetic  water  was  blended  from 
distilled  water  and  reagent-grade  chemicals  to  the  following  composition  (mg/liter): 


Actual  ingredients  blended  _ Ionic  concentrations 


NaHCOj 

164 

Ca 

36 

CaCl2  •  2H20 

132 

Mg 

8. 

MgS04  •  7H20 

82 

Na 

45 

Cl 

64 

13O4 

32 

hco3 

119 

The  filtered  tap  water  or  the  Type  B  synthetic  water  was  used  in  most  of  the  Al/SS  loop  tests  reported  herein. 
Table  3  gives  injection  water  quality  parameters  as  measured  in  the  loop  tests. 

Other  synthet’c  waters  were  blended  for  special  tests,  using  distilled  water  or  type  B  blend  as  the  base  for 
investigating  the  effects  of  water  composition  and  properties  on  element  performance.  These  waters  were  as  follows: 

pH  5  (distilled  +  115  mg/C  NaCl  +  HCI) 
pH  7  (distilled  +115  mg/C  NaCl  +  NaOH) 
pH  10  (distilled  +  1 15  mg/C  NaCl  +  NaOH) 
pH  9.5  (Type  B  +  NaOH) 
pH  9.5  (distilled  +  164  mg/C  NaHCOj  +  NaOH) 

Type  B  i  NaCl  to  total  Cl  content  of  932  mg/C 
65%  Type  B  +  35%  FSI! 

Distilled  water 

Distilled  water  contaminated  with  residues  from  a  previous  test  (test  92)  in  which  pH  9.5  water  (Type  B  +  NaOH) 

was  used 

The  first  series  of  waters  to  study  pH  effects  was  made  from  a  sodium  chloride  solution  adjusted  to  pH  5,  7, 
or  10  by  adding  minor  amounts  of  HCI  or  NaOH,  as  required.  The  original  ionic  concentrations  of  the  salt  solution 
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TABLE  3.  INJECTION  WATER  QUALITY  PARAMETERS 


Parameter  statistics 

Type  of  injection  water 

Filtered  tap  water 

Type  B  synthetic  water 

65%  Type  B  +  35%  FSII 

Surface  tension,  dyn/cm 

minimum 

61 

60* 

47 

maximum 

74 

74 

47 

mean 

71.6 

70.8 

47 

standard  deviation 

1.3 

2.9 

0 

no.  of  measurements 

218 

37 

3 

Solids  content,  mg/2 

minimum 

0.0 

0.0 

CO 

maximum 

2.4 

1.3 

2.0 

mean 

0.20 

0.22 

1.10 

standard  deviation 

0.25 

0.29 

1.01 

no.  of  measurements 

218 

38 

3 

pH 

n.'nimum 

7.1 

7.9 

6.8 

max' mum 

8.1 

8.5 

7.7 

mea ; 

7.54 

8.16 

7.37 

standard  deviation 

0.20 

0.15 

0.49 

no.  of  measurements 

218 

2S 

_ 

3 

*A  value  of  43  dyn/cm  obtained  in  test  30  was  not  included  in  calculation  of  mean  or  standard  deviation.  It 
deviated  from  other  values  so  much  that  it  was  judged  to  be  erroneous. 


were  45  mg/liter  in  sodium  and  70  mg/liter  in  chloride:  these  were  changed  very  little  by  the  pH  adjustments,  the 
increases  being  kss  than  5  mg/liter  in  all  cases.  As  would  be  expected,  these  waters  had  very'  little  buffering  capacity 
and  comd  not  “hold’'  their  pH  through  the  test  cycle  of  mixing  ’vith  fuel  and  separation.  Hence,  they  did  not 
provide  satisfactory  criteria  of  pH  effects. 

An  attempt  to  prepare  a  buffered  high -pH  water  by  adding  caustic  to  Type  B  water  resulted  in  significant 
precipitation  of  solids  and  contamination  of  the  water-injection  system.  The  only  satisfactory  high-pH  waier  that 
was  prepared  was  the  pH  9.5  water  prepared  from  NaHCOj  and  NaOH:  this  was,  in  effect,  a  carbonate-bicarbonate 
mixture. 

High-chloride  water  was  prepared  to  simulate  the  chloride  contents  often  found  in  water  bottoms  of  fuel 
storage  tanks.  The  blend  of  35%  FSlI  in  Type  B  water  was  also  intended  to  simulate  field  conditions,  since  any  water 
that  has  been  equilibrated  with  large  amounts  of  JP-4  fuel  will  contain  some  15  to  40%  FS11,  depending  on  fuel 
composition  and  temperature. 

4.  Solid  Contaminants 

The  six  solid  contaminants  used  in  this  work  were  standard  coarse  AC  dust,  standard  fine  AC  dust,  standard 
fine  red  iron  oxide  (Fisher  1-1 16),  a  coarser  red  iron  oxide  (Pfizer  R-9998),  ground  iron  ore  (Pfizer  B00985),  and 
magnetic  black  iron  oxide  (Chemical  Commerce  Co  N).  The  first  three  of  these  materials  are  used  regularly  in 
filter-separator  specification  tests.  The  R-9998  red  iron  oxide  was  used  in  seven  tests,  the  ground  non  ore  was  used 
in  eight  tests,  and  the  black  iron  oxide  was  used  in  two  tests. 

The  AC  dusts  are  siliceous  “Arizona  road  dust”  that  has  been  collected  and  standardized  for  use  in  testing  air 
cleaners  and  filters.  The  coarse  grade  has  a  broad  range  of  particle  size,  with  appreciable  amounts  in  the  80-200  and 
below  5  (i  fractions.  The  fine  grade  is  prepared  from  the  coarse  by  removing  the  larger  particles. 
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Both  of  the  red  iron  oxides  are  high-purity  materials  produced  by  calcination  of  ferrous  sulfate.  Both  are  much 
finer  in  particle  size  than  the  AC  dusts  and  the  Fisher  1-1 16  is  the  finer  of  the  two. 

Complete  specifications  on  particle  size  distribution  of  the  solids  are  given  in  Table  4. 


TABLE  4.  PARTICLE  SIZE  DISTRIBUTION  OF  TEST  DUSTS 


Standard  AC 
test  dust 


Coarse  Fine 


Red  iron  oxide 


Pfizer  Fisher 
R-9998  1-116* 


Ground 
iron  ore 
Pfizer 
B-00985 


Black  iron  oxide 
Chemical  Commerce  Co 
“N”  magnetic 


Weight  %  below  200p 

100 

— 

— 

— 

100 

100 

80 

91 

100 

... 

... 

99.9 

99 

40 

61 

91 

— 

... 

76.9 

78.2 

20 

38 

73 

... 

_. 

62.6 

54.5 

15 

— 

._ 

100 

100 

59.3 

43.5 

10 

24 

57 

99.3 

100 

53.0 

29.0 

7.5 

— 

98.3 

99.7 

45.6 

17.6 

5 

12 

39 

84.9 

98.9 

32.1 

8.0 

4 

... 

— 

74.5 

98.2 

25.6 

4.5 

3 

8t 

21 1 

25.2 

97.9 

17.4 

1.7 

2 

5t 

lit 

7.3 

97.1 

8.0 

— 

1 

— 

... 

5.6 

94.1 

0.2 

— 

0.5 

_ 

— 

4.9 

77.7 

... 

_ 

0.25 

... 

J 

... 

47.8 

... 

•- 

‘Same  as  Pfizer  R-2199. 

|Not  specifications;  values  based  on  analysis  of  a  f 

ew  samples. 

Other  than  these  “test  dusts,”  the  only  solid  contaminants  used  were  plug  valve  lubricants  that  were  examined 
in  three  special  tests.  These  were  a  MIL-G-6032  plug  valve  grease  (Royal  Lubricants  Co)  and  Walworth  No.  1  plug 
valve  sealant. 

5,  Filter-Separator  Elements 

Filter-separator  elements  from  four  manufacturers  were  used  in  the  tests  reported  herein.  These  elements 
are  identified  as  to  manufacturer  and  lot  designation  in  Table  5,  which  also  gives  element  weight  statistics  for 
each  lot. 


Although  there  is  considerable  difference  in  mean  weight  of  elements  from  different  manufacturers,  this 
difference  is  of  no  practical  significance  with  regard  to  element  quality  or  performance,  since  the  element  designs  are 
different.  *>ne  statistfc  of  interest  in  Table  5  is  the  standard  deviation  of  element  weights,  which  provides  a  measure 
of  the  conformity  among  elements  of  a  given  lot. 

Seven  different  lots  of  Filters  Inc  elements  were  used.  Weight  variations  among  these  lots  may  be  of  signifi¬ 
cance  with  regard  to  performance,  since  element  construction  appeared  to  be  the  same  for  all  elements.  Table  6  gives 
the  level  of  significance  of  differences  between  the  means  of  various  pairs  of  lots.  There  is  a  significant  difference  in 
means  between  all  lot  pair-combinations  except  for  Lots  440  and  440A.  Later  in  the  report  (Section  V),  the  extent 
of  correlation  between  element  weight  and  element  performance  will  be  discussed. 


TABLE  5.  FILTER-SEPARATOR  ELEMENT  DATA 


Element 

Part 

Designation 

Test  no. 

Number 

of 

■ 

HH3 

■ 

SD 

nlallufactUICr 

elements 

Min 

SD 

/O  Ul  IllCiJII 

Filters  Inc 

1-4208 

Lot  286 

48-83 

37 

623 

764 

657.5 

26.: 

4.0 

Filters  Inc 

1-4208 

Lot  428 

84-90 

6 

625 

678 

661.8 

18.9 

2.9 

Filters  Inc 

1-4208 

Lot  440 

91-150 

58 

590 

680 

641.2 

23.1 

3.6 

Filters  Inc 

14208 

Lot  440A 

151-199 

49 

578 

700 

639.5 

24,7 

3.9 

Filters  Inc 

14208 

Lot  465 

200-257,258A,276,278, 

282,287,290,296,304,308 

67 

478 

587 

522.3 

20.4 

3.9 

Filters  Inc 

14208 

Lot  516 

259A.260A, 315-325 

i2 

527 

635 

564.2 

30.8 

5.5 

Filters  Inc 

14208 

Govt  Std 

310-313 

4 

541 

580 

567.0 

17.7 

3.1 

Fram 

CC-S1IB 

Lot  14 

261,264,265,268,273,280, 

281,288,289,295,298,307 

12 

62.S 

664 

650.0 

9.7 

1.5 

Bendix 

04580004 

262,266,267,269,274,279, 

284,285,292,294,297,306 

12 

618 

671 

648 .3 

13.7 

2.1 

Bendix 

04580004 

No.  69  M  2814* 

314,325,326 

3 

699 

721 

711.0 

III 

1.5 

Bowser 

A1389B 

263,270,271,272,275,277, 

283,286,291,293,305,309 

12 

617 

691 

635.5 

19.8 

3  1 

Bowser 

A1389B 

Received  used 
from  Andrews 
AFB 

299,301 

Bowser 

A1389B 

t 

327-329 

3 

642 

674 

654.3 

17.2 

2.6 

‘Special  RIO  elements. 

t  Special  RIO  Hit  tents  no.  A 13B9C  were  ordered’  A1389B  were  received  wid  tested. 


TABLE  6.  SIGNIFICANCE  OF  DIFFERENCES  IN  MEAN  WEIGHTS 
OF  FILTERS  INC  ELEMENTS  OF  DIFFERENT  LOTS 


Element  lot 

Probability  of  chance  greater  difference  in  mean 
weight  for  different  lots,  ‘X 

FI  286 

FI  428 

F!  44Q 

FI  440 A 

FI  465 

FI  516 

FI  428 

... 

_ 

... 

■ 

1-2.5 

... 

1-2.5 

>50 

Ff  465 

0.5-1 .0 

<0.1 

<0.1 

<0  1 

> 

FI  516 

<0  1 

<0.1 

<0! 

<0.1 

-  0. 1 

FI  GS 

<0  1 

<0.1 

<0  1 

<•0.1 

_ - 

<0.1 

_ — _ _ _ 

>50 

SECTION  IV 


TEST  PROCEDURES 


1 .  Loop  Test  Procedure* 

a.  General 

The  test  procedures  discusse.  in  this  section  are  those  used  in  single-element  loop  tests  reported  herein. 
Test  procedures  for  other  apparatus  are  discussed  in  Sections  VII  and  VIII. 

A  total  of  29  established  test  procedures  was  used  in  the  single-element  loop  tests  reported  herein.  Most 
of  these  procedures  are  directed  toward  the  evaluation  of  inhibited  fuels  and  are  similar  in  concept  to  the  inhibited- 
fuel  test  of  MIL-F-8901A.  The  test  procedures  are  outlined  in  the  following  pages  and  are  listed  for  convenient 
reference  in  Table  7,  which  also  shows  the  loop  test  number?  corresponding  to  each  procedure  number.  In  addition, 
10  tests  were  run  using  special  procedures.  These  vary  greatly  in  schedule,  contaminant,  and  purpose,  and  are 
described  briefly  in  Table  8,  and  in  detail  in  the  remainder  of  this  section. 

The  bulk  of  the  work  was  performed  using  Procedures  10,  13-A,  and  13-J.  Procedure  10  is  the  same  as 
the  MIL-F-8901A  inhibited-fuel  test  as  to  solid  contaminant  (coarse  AC  dust)  and  test  schedule  (60-nriin  water 
injection  only,  then  water  and  solids  to  40  psi).  Type  B  synthetic  water  was  specified  for  Procedure  10.  but  some  of 
the  later  tests  were  run  with  filtered  tap  water,  after  it  had  been  found  tnat  the  effects  of  water  composition  were  of 
little  significance.  The  sampling  schedule  and  other  details  of  Procedure  10  differ  from  those  of  the  MIL-F-8901A 
inhibited-fuel  test,  as  will  be  seen  from  the  detailed  outline  to  be  presented. 

Procedure  13-A  represents  a  rev.sion  of  Procedure  10  toward  the  direction  of  a  more  realistic  sequence 
of  operations.  The  solid  contaminant  is  coarse  AC  dust  (as  before);  the  injection  water  is  filtered  tap  water.  The 
schedule  requires  injection  of  dust  along  with  a  very  small  amount  of  water  (0.01%  of  fuel  flow)  until  the  element 
pressure  drop  reaches  20  psi.  At  this  point,  the  dust  injection  is  discontinued  and  the  water  injection  rate  is  increased 
to  1%  of  fuel  flow  rate  for  a  15-min  period.  At  this  time,  if  the  element  pressure  drop  has  not  risen  to  40  psi,  water 
injection  is  continued  at  1%  and  dust  injection  is  restarted  and  continued  to  40-psi  pressure  drop.  This  procedure  is 
designed  to  eliminate  the  excessive  water  washing  of  the  fuel  and  element  that  exists  in  MIL-F-8901 A  and  Procedure 
10  daring  the  initial  1  -hr  period. 

Procedure  13-J  is  identical  to  13-A  except  for  the  use  of  fine  AC  dust  as  the  solid  contaminant. 

Procedures  1 1  and  12  are  MIL-F-8901A  procedures,  slightly  modified,  for  a  special  series  of  evaluation 

tests. 


The  MIL-F-8901  B  tests  employed  are  adaptations  of  the  designated  procedures  for  use  in  the  Al/SS 
loon.  In  most  cases,  the  only  difference  between  the  actual  test  procedure  and  the  specified  test  procedure  is  the 
drawing  of  extra  samples  for  analyses. 

All  of  the  other  procedures  represent  modifications  of  13  A  that  were  investigated  during  the  course  of 
procedure  development. 

b.  Procedure  10 

Tests  are  run  with  a  single  military-standard  coalescer  element  and  double-wall  canister  mounted  in  an 
8-in.  aluminum  housing.  A  fresh  element  is  used  for  each  test.  The  canister  and  housing  are  cleaned  and  rinsed 
thoroughly  between  tests. 
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TABLE  7.  PROCEDURES  USED  IN  LOOP  TESTS 


Procedure 

no. 

Loop  test  nos. 

Type  of  procedure 

10 

48-83,91-100,110,134 

Similar  to  M1L-F-8901 A  inhibited- 

138,142,143,148 

fuel  test 

11 

84-86 

MIL-F-8901 A  inhibited-fuel  test 

12 

87-90 

MIL-F-8901A  red  iron  oxide 
slurry  test 

8901 B 

256(40  gpm), 257(30  gpm) 

Inhibited-fuel  test 

8901 B 

258-A.259-A 

Media  migration  test 

8901 B 

258-B.259-B 

Dry  red  iron  oxide  test 

8901 B 

260A 

Water  removal  test 

8901 B 

260B 

Red  iron  oxide  and  water  test 

8901 B 

314,325-329 

Modified  mhibiiefl-fuei  test  (Pfizer 
R9998  red  iron  oxide  instead  of  AC 
dust) 

13-A* 

101,107,109,125,132, 

“Dirt-first”  loading  with  coarse  AC 

133,136,137,140,141, 

dust  and  0.01%  water  before  1% 

144,146,147,184-224, 

230-255,261-298,304-313 

water  injection 

13-B 

102 

Initial  dust  without  water 

13-C 

103 

Final  water  rate,  3% 

13-D 

104 

Extra  8  hr  of  fuel  flow 

13-E 

105 

Red  iron  oxioe  (1-1 16) 

13-F 

106 

Dust  injeciion  rate,  25%  normal 

13-G 

111 

Fuel  and  water  rates  increased 

13-H 

112 

Water  into  fuel  pump  suction 

13-1 

113,114 

Fuel,  16  gpm;  water  to  pump 
suction 

13-J 

115,126-131,135,139, 

145,149-151,154,155, 

157,159,161,162,170, 

172,176-179,225-229 

Fine  AC  dust 

13-K 

116 

Fine  AC  dust;  water  1%  throughout 

13-L 

117 

Same,  extra  120  min  fuel  and  water 

13-M 

124 

Red  iron  oxide  (R-9998) 

13-N 

152,153,156,158,160, 

162-165,171,173 

Fine  AC  c'  st  at  50%  normal  rate 

13-0 

166-169,174,175,180-183 

50/50  fine  and  coarse  AC  dust 

13-P 

315-322 

Ground  iron  ore  (Pfizer  B00985) 

13-Q 

323-324 

Black  iron  oxide  (magnetic  “N”, 
Chemical  Commerce  Co) 

14 

108 

4-hr  cycles 

14- A 

118,119,121-123 

4-hr  cycles,  fine  AC  dust 

14-B 

120 

4-hr  cycles,  fine  AC  dust,  loaded 
to  10  psi  only 

‘Procedure  13-A  and  all  subsequent  procedures  are  of  the  “dirt-first”  type  in  which  the  element 
is  first  loaded  to  20  psi  (or  some  specified  pressure  drop)  with  test  dust,  accompanied  by 
0.01%  water.  This  is  followed  by  a  period  of  1%  water  injection  without  dust  injection,  then 
by  dust  and  water  (1%)  until  the  pressure  drop  reaches  40  psi.  Subsequent  procedures  differ 
from  1 3-A  only  as  specified. 
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TABLE  8.  SPECIAL  LOOP  TESTS 


Test  no. 

Element* 

Test  fuel  contaminants 

Purpose  of  test 

203 A 

1 

Water 

To  expose  element  to  fuel  and  wrier 
for  subsequent  dryout  and  retest. 

204 

O 

im 

Water,  coarse  AC  dust 

To  evaluate  performance  of  an  element 
which  had  been  previously  subjected 
to  fuel  and  water  and  then  allowed 
to  dry. 

299 

3 

Water 

To  determine  if  element  had  any 
water  coalescing  capability. 

300  i 

4 

Water,  plug  calve  greasef 

To  determine  the  effect  of  plug 
valve  grease  on  element  performance. 

300B 

2 

Water 

To  determine  coalescing  capability 
of  element  which  had  previously  been 
exposed  to  plug  valve  grease. 

300C 

2 

Water 

To  determine  coalescing  capability  of 
element  which  had  previously  been 
exposed  to  plug  valve  grease. 

300D 

2 

Water 

To  determine  coalescing  capability 
of  element  which  had  previously  been 
exposed  to  plug  valve  grease. 

301 

5 

Water,  plug  valve  sealant  J 

To  determine  the  effect  of  plug 
valve  sealant  on  element  perfor¬ 
mance. 

302 

4 

Water,  plug  valve  sealant  $ 

To  determine  the  effect  of  plug 
valve  sealant  on  element  perfor¬ 
mance. 

303A 

4 

Water,  coarse  AC  dust,  glycerol 

To  determine  the  effect  of  glycerol 
and  coarse  AC  dust  on  elemer' 
performance. 

303B 

2 

Water,  coarse  AC  dust,  glycerol 

t 

i 

To  determine  the  effect  of  glycerol 
and  coarse  AC  dust  on  clement 
performance. 

L  _  _  .  _ 

•Element  identification. 

1  l  itter*  Inc,  1-4208,  lot  4b!S 

2  Same  element  that  »»*  used  in  previou*  test. 

1  Used  Bowser  element  from  Andrews  A I  B  (part  no  A  1189  B) 

4  New  Bowser  element  (part  no  A I  389  tl> 

5  Used  Bowser  element  from  Andrew*  At  B  (A  !  189  B).  which  had  been  soaked  in  impropanol  lor  mtr  .’4  hr 
I  nsiilabie  fren  Royal  lubricant*  (  o.  conformed  to  Mil  G4U  '.1 

(I  lcntified  as  Walwortn  No  i 
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Standard  test  conditions  are-: 


Fuel  flow  rate  20  gpm 

Fuel  supply  pressure  70  nsi 

Fuel  temperature  entering 

test  section  80°  F  (75°  F  in  early  tests) 

Standard  contaminants  are  coarse  AC  dust  and  Type  B  synthetic  water*.  The  test  schedule  starts  with  a 
15-min  “pre-test”  period  with  fuel  flow  but  no  contaminant  injection.  The  start  of  the  test  proper  (zero  time)  is  the 
end  of  this  pre-test  period,  at  which  time  the  contaminants  are  injected  according  to  the  following  schedule: 

0  to  60  min  Water  Q.2  gpm,  no  solids 

Remainder  (to  40  psi)  Water  0.2  gpm,  solids  5.72  g/min 

The  solids  injection  rate  corresponds  to  n  concentration  of  0.286  g/gai  in  the  fuel.  At  this  injection  rate, 
the  element  is  loaded  to  its  nominal  dirt-holding  capacity  of  200  g  in  35  min. 

Either  fresh  base  fuel  or  fue-  from  the  preceding  test  may  be  used.  The  following  step-by-step  test 
procedure  is  used  with  fresh  base  fuel,  starting  with  a  clean  system: 

Weigh  a  new  coalescer  dement  to  the  nearest  gram,  and  check  for  integrity  in  the  coalescence  tank,  using 
uninhibited  base  fuel.  Then  install  the  element  in  the  single-element  aluminum  housing,  aiong  with  a 
double-wail  canister: 

Note.  The  element  may  be  installed  at  any  time  prior  to  the  start  of  the  pre-test  period. 

Pump  600  t  50  gal  of  clean  base  fuel  through  a  suitable  cleanup  filter -separator  (outside  the  loop)  and 
into  one  of  the  loop  fuel  tanks.  Determine  the  amount  actually  charged  by  meter  readings,  tank  gage 
glass  level,  and  line  and  component  holdup  volumes  established  previously.  All  subsequent  operations  are 
performed  using  this  one  tank  with  recirculating  fuel. 

Circulate  at  40  gpm  through  the  cleanup  filter-separator  (bypassing  the  test  housing)  until  the  fuel  is 
clean  and  dry  as  determined  by  Totamitoi  readings  and  sample  analyses  as  required.  The  fu<*!  tempera¬ 
ture  should  be  adjusted  to  approximately  809F  during  this  time. 

Circulate  at  40  gpm  through  the  main  fuel  fypass  (bypassing  both  the  test  housing  and  the  cleanup 
filter-separator),  inject  the  required  amount  of  corrosion  inhibitor  over  a  15-min  period,  then  inject  the 
required  amount  of  fuel  system  icing  inhibitor  over  a  15-mtn  period  and  flush  the  injection  system  and 
lines  with  test  fuel  Direct  the  mam  fue)  flow  through  the  cleanup  filter-sepaiator  (but  bypass  the  test 
housing),  and  continue  to  recirculate  for  a  minimum  of  15  min  at  40  gpm  Recheck  the  cleanliness  of 
the  fuel. 

Note  Iff  preceding  step  is  omitted  when  additive-free  fuel  is  ht-ing  tested 

Inspect  ami  clean  the  mixing  seteen,  of  install  (he  screen  u  it  has  been  omitted  Irons  the  semen  housing 
dui.r.g  the  preceding  rptratioro 

Set  the  luei  flow  iatr  at  20  gpm.  set  totalizing  flowmeter  reading  at  zero,  and  duett  the  fuel  flow 
through  the  test  housing  ami  cleanup  filter  separator  Recirculate  tor  15  mm  During  this  "pte  test” 
period,  adjust  flow  r.it<-s  and  temperatures,  check  operation  of  all  instruments,  taxe  samples  as  required, 
and  have  the  water  injection  system  running  and  read)  to  direct  the  flow  into  the  fuel  line 


*t  iliefcd taj,»  vfcatcf  m  the  Utrr  ic*tt  in  {ik  *rn 


At  the  end  of  the  15-min  pre-test  period,  start  timing  the  run  and  direct  the  water  ^low  into  the  fuel  line. 
Take  readings  and  draw  samples  as  indicated  in  subsequent  paragraphs.  When  the,  water  level  in  the  test 
housing  covers  the  openings  in  the  canister  base,  drain  water  at  a  rate  that  will  maintain  a  stable  level  in 
the  housing. 

During  the  60-min  test  period  with  water  injection,  prepare  the  solids  injection  system  for  operation  and 
calibrate  the  dirt  feeder,  if  this  has  not  been  done  previously.  Five  min  before  the  end  of  this  60-min 
period,  direct  fuel  flow  at  3  gpm  into  the  swirl  hopper,  and  turn  on  the  solids  injection  pump;  regulate 
the  pump  speed  to  maintain  a  stable  fuel  level  in  the  swirl  hopper. 

After  60  min  of  test  time,  start  the  dirt  feeder.  Continue  to  inject  both  solids  and  water  until  the 
pressure  drop  across  the  test  housing  reaches  40  psi.  At  that  time,  cut  off  the  dry-dirt  feed,  take  final 
samples,  and  shut  down  the  fuel  flow. 

Record  test  housing  pressure  drop  and  Totamitor  readings  every  10  min  throughout  the  run,  and  also  (1) 
35  min  after  the  start  of  solids  injection,  i.e.,  after  95  min  of  test  time,  (2)  when  the  pressure  drop 
reaches  20  psi,  and  (3)  when  the  pressure  drop  reaches  40  psi.  Totamitor  readings  are  taken  from  the 
recorder  cha-ts  after  the  run,  and  any  peaks  occurring  between  the  regular  readings  should  be  noted. 
Record  screen  pressure  drops,  cleanup  filter-separator  pressure  drops,  and  totalizing  flowmeter  readings 
approximately  every  30  min  of  test. 

Draw  samples  for  analysis  as  follows: 

Clean  influent  fuel  -  solids 
Same  WS1M,  1FT,  and  FSI1  content 

Effuent  fuel  -  solids  and  free  water 


Injection  water  --  solids 
Same  -  pH  and  surface  tension 

Coalesced  water  -  pH,  surface 
tension,  and  FSH  content 


Pre-test,  30,  and  95  min 
Pre-test  and  95  min 

30, 95,  and  130  ran, 
and  20  and  40  psi 

30  min 

30  and  95  min 


30  and  95  min 


Remove  the  coalescer  element  from  the  housing  without  losing  any  test  dust,  rinse  in  isopropanoi  and 
then  petroleum  ether,  dry  to  constant  weight,  and  record  the  weight  to  the  nearest  gram. 

If  the  .ante  fuel  is  to  be  reused  in  the  subsequent  test,  analyze  for  FSI!  and  reblend  to  the  lequired  level, 
then  continue  with  the  next  test. 


If  the  next  test  requires  fresh  fuel,  pump  the  used  fuel  to  scrap  storage  and  drain  the  loop  system 
thoroughly. 

Bring  m  bar*  f.rel  (same  as  used  for  the  next  test)  ‘ini  cuculate  through  the  sieanup  filter  separator  ai  40 
gpm  for  30  nun,  then,  discard  tins  fuel  and  drain  the  loop  thoroughly.  Repeat  *oth  a  fresh  batch  ol 
uninhibited  fuel  but  this  time  bypassing  (he  cleanup  til tc: -separator  Duong  i Ins  time,  replace  the 
cleanup  filter  separator  elements  v  ith  fresh  elements  Discard  arid  dram  lire  second  (lush  Then,  bong  in 
flesh  unmh.b.trj  fuel  and  ''art  the  new  cat  sequence  as  described  previously  * 

C  Procedure  '  1 

This  is  essentials  the  MIT-F-SU01A  inhibited  fuei  test  privediiir  as  adapted  nu  the  A!  S5  loop  lire  lest 
fuel  ii  JP-5  containing  lb  Ib'Mbbl  ot  Santolene  C  but  no  hS'l,  t  reslils  blended  tuel  is  pi  r  pa  ted  toi  each  test  Solid 

’tean-uj?  fiittff  tfpafatot  ciemrfU*  not  b<  iX  {Hf  fvc  \t  iur  t%  to  He  maxi?  •  si  a  rvf-rt  iuc'i  t\d  ot  ’He  ymr  s 


contaminant  is  coarse  AC  d"st  injected  at  a  rate  of  5.72  g/min,  thus  loading  the  element  to  rated  capacity  in  3 5  min 
of  solids  injection  or  95  mitt  of  testing.  Except  for  the  drawing  of  samples  for  AEL  determination  of  free-water 
content  and  certain  special  samples  for  modified  Karl  Fischer  determinations  of  total  water  content,  the  sampling 
schedule  follows  that  of  8901  A.  Below  is  the  sample  schedule  that  is  used: 


Effluent-fuel  -  solids 

Effluent-fuel  -  K-F 

Clean-fuel  -  K-F 

Clean-fuel  -  saturation 

Effluent-fuel  -  AEL,  line  (2) 
and  bottled  (2) 

Clean-fuel  -  WSiM 

Clean-fuel  -  l FT 

Injection  water  -  solids, 
pH,  surface  tension 


65,  70, 80, 95,  1 10, 120, 130  min; 
20, 30, 40  psi 

5, 10, 20,30,40, 50,60,  70, 

80. 95. 110. 120. 130  min; 

20,  30, 40  psi 

30.60. 95. 130  min; 

20, 30, 40  psi 

Pre-test 

95  min 
20, 30, 40  psi 

Pre-test 

Pre-test;  40  psi 


50  min 


In  actual  operation,  it  was  found  that  the  20-,  30-,  and  40-psi  samples  along  with  the  80-  and  95-min 
samples  came  so  close  together  that  it  was  impossible  to  get  them  all.  Also,  it  was  found  that  in  all  tests,  the  pressure 
drop  reached  40  psi  in  95  min  or  less,  so  that  there  were  no  subsequent  samples. 

d.  Procedure  12 


This  is  essentially  the  M1L-F-8901A  red  iron  oxide  emulsion  test,  commonly  termed  the  “slurry  test.” 
Briefly,  the  test  procedure  consists  of  injecting  3%  water  and  G.0035  lb  of  slurry  per  gallon  of  fuel  until  the  pressure 
drop  reaches  40  psi  The  lurry  consists  of  0.1  lb  of  1-1 16  red  iron  oxide  per  pound  of  50-50  water-fuel  mixture,  thus 
containing  9.09^  of  o  ide  by  weight.  The  solids  injection  rate  is  0.145  g  pei  gallon  of  fuel,  or  2.89  g/min  in  a 
20-gpm  test  At  this  rate,  the  nominal  dirt -holding  capacity  of  200  g  is  reached  in  approximately  70  min  of  injection 


In  the  tests  reported  here,  '.he  test  fuel  was  uninhibited  JP-5,  instead  of  the  VV-K-220  kerosene  specified 
in  MIL  F-8901A  As  in  Procedure  11,  certain  additions  were  made  to  the  sampling  schedule,  resulting  in  the 
following 


Effluent  fuel  solids 

Effluent-fuel  KE 
('lean-fuel  K-F 


5,  10,  20,  30, 40,  50.  60,  70  min; 
10.  20.  30  40  psi 

Same  as  above 

10.  20.  30. 40  psi 


(  lean  fuel  saturation 


Pretest 


Effluent  fuel  AEl  , 

line  <  2)  and  bottled  (2f  10,  20,  30,  40  psi 


Inrction  water  solids, 
pH.  suilace  tension 


50  mm 


It  wa-  found  the*  there  was  some  “pile-up"  in  sample  scheduling  and  slight  modifications  had  to  be 
made  to  fit  the  behavior  of  the  individual  tests. 

The  method  of  preparing  and  injecting  the  slurry  is  somewhat  different  than  that  described  in  MIL-F- 
8901  A.  Slurry  of  standard  composition  is  prepared  prior  to  test  in  a  slurry  mixing  tank  with  recirculating  pump  (see 
Figure  2).  This  system  had  been  designed  to  handle  thin  slurries,  and  the  pump  capacity  and  lint  sizes  are  inadequat' 
to  do  a  thorough  mixing  job  on  thick  slurry.  Therefore,  the  pump  is  used  only  to  keep  the  bottom  of  the  mixing 
tank  clear  by  recirculating,  with  no  back  pressure  other  than  pressure  drop  in  the  lines.  The  actual  mixing  of  the 
slurry  is  performed  with  a  mechanical  stirrer  (propeller  type),  which  is  run  continuously  while  preparing  and 
injecting  the  slurry. 

Slurry  from  the  recirculating  line  is  picked  up  by  means  of  a  peristaltic  pump  and  metered  into  the 
injection  hopper,  where  >*  is  picked  up  by  the  fuel  stream  and  solids  injection  pump,  i.t\,  handled  jus»  as  if  i,  had 
been  dry  din.  Metering  01  the  slurry  is  reasonably  accur;  te,  but  there  are  problems  with  deposition  of  red  iron  oxide 
in  the  slurry  mixing  tank  and  deposition  of  slurry  in  the  injection  hopper  When  slurry  is  metered  into  the  swirling 
fuel  stream  in  the  hopper,  it  becomes  very  evident  that  the  feed  rate  into  the  main  fuel  line  is  erratic  because  of 
temporary  hang-up  of  slurry  globules,  and  also  that  the  slurry  is  very  resistant  to  dispersal  in  fuel.  In  order  to  avoid 
the  temporary  and  sometimes  permanent  hang-up  of  siurry  globules  in  the  injection  hopper,  the  slurry  feed  line  is 
direct  to  the  center  of  the  hopper,  i.e.,  where  the  slurry  will  drop  <t  ctly  into  the  inlet  of  the  Moyno  injection 
pump. 

e.  Procedure  13-A 

This  procedure  is  similar  to  Procedure  10  except  for  major  changes  in  the  schedule  of  water  and  solids 
injection,  which  in  turn  affect  the  sampling  schedule.  The  only  other  significant  change  Jin  comparison  with 
Procedure  10)  is  the  use  of  filtered  tap  water  rather  than  synthetic  water.  The  solid  contaminant  is  coarse  AC  dust 
(same  as  Procedure  10).  The  fuel  flow  rate  is  20  gpm,  the  fuel  supply  pressure  is  70  psi,  and  the  fuel  temperature 
entering  the  test  section  is  80°F.  The  following  test  schedule  is  used: 

0  min  to  20  psi  Water  0.002  gpm.  solids  5.72  g/min 

Next  15  min:  Water  0.2  gpm,  no  solids 

Remainder  (to  40  psi):  Water  0.7  gprn,  sohds  5.72  g/min 

The  corresponding  ratios  of  contaminant.;  to  fuel  are:  water  0,01  arid  IT  of  fuel  flow,  and  solids  0.780 
g/gal.  At  this  solids  injection  rate,  the  element  reaches  nominal  dirt-holding  capacity  of  700  g  in  35  min  of  dirt 
injection 


T 'famitor  readings  and  test-section  pressure  drop  are  recorded  every  5  min  and  at  70  ami  40  psi. 
test-section  inlet  temperature  every  15  min,  and  totalizing  flowmeter  readings,  screen  pressure  drop,  and  cleanup 
filter-separator  pressure  drop  at  the  start  and  end  of  the  test  The  following  sampling  schedule  is  used 


Effluent-fuel  \EL 


Effluent  fuel  solids 

Intluenl-h  el  WSIM 
and  IET 


5  min:  20  psi.  5.  10,  and  15  min  after 
70  psi.  40  psi 

5  mm;  70  psi.  5  min  aitei  20  psi.  40  psi 


i‘>e  lest 


Influent -hie!  ESI!  '‘re  test  post  test 

Injection  watei  solids. 

pll.  and  sUitavc  tension  Post  test 


(  >  .deseed  wain 


f’etiodtc  visual  examination 


f.  Procedure  13-8 


Same  as  13-A  except  no  water  is  injected  during  the  initial  solids  injection  period  (0  min  to  20  psi). 

g.  Procedure  13-C 

Same  as  13-A,  except  water  injection  rate  is  increased  to  0.6  gpm  (3%)  starting  at  20  psi  and  continuing 
to  end  of  test. 

h.  Procedure  13-D 

Same  as  13-A  up  to  the  20- psi  point;  then  water  and  solids  injections  are  shut  off,  and  fuel  flow  is 
continued  for  8  hr  additional.  After  an  8-hr  shutdown,  fuel  flow  is  restarted,  and  the  regular  schedule  of  Procedure 
13-A  is  resumed  as  if  starting  from  the  regular  20-psi  point  (IS  min  of  0.2  gpm  water,  then  water  plus  solids  to  40 
psi). 

i.  Procedure  13  E 

Same  as  13-A,  except  solid  contaminant  is  1-1  >6  red  ir?n  oxide. 

j.  Procedure  13-F 

Same  as  13-A,  except  solids  (coarse  AC  dust)  injection  rate  is  25%  of  normal,  i.e.,  1.43  g/min. 
k  Procedure  13  G 

Same  as  13-A,  except  the  following  scheuu'e  is  used: 

0  min  to  10  psi  Water  0.002  gpm,  solids  5.72  g/min 

Next  1 5  min  Water  0.2  gpm  (no  solids) 

Subsequently  Fuel  flow  rate  increased  every  15  min  in 

2-gpm  increments  to  a  maximum  of  32 
gpm,  keeping  water  injection  rate  at 
17?  of  fuel  flow  rate.  Water  rate  then 
increased  stepwise  to  1 .2  gpm  and  later 
decreased  to  0.032  and  0.0032  gpm. 

l.  Procedure  13-H 

Same  as  13-A,  except  water  is  injected  into  fuel  pump  suction  Also,  after  regular  schedule  is  completed, 
solids  injection  is  discontinued  and  water  injection  is  continued  at  0  2  gpm,  while  reducing  fuel  flow  rate  every  15 
min  in  2-gpm  increments  down  to  10  gprn. 

m.  Procedure  13-1 

Same  as  13-A.  except  fuel  flow  rate  in  !6  gp:n  and  water  is  injected  into  fuel  pump  suction, 
n  Procedure  13  J 

Same  as  13-A.  except  solid  con* am  •  Mill  is  fine  AC  dust 
o  Procedure  1?  K 

Same  as  13-A,  except  solid  contaminant  is  line  AC  dust,  and  water  injection  rate  is  0.2  gpm  throughout 
t«' 
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p.  Procedure  13-L 


Same  as  13-A,  except  solid  contaminant  is  fine  AC  dust,  water  injection  rate  is  0.2  gpm  througnout  test, 
and  dirt  injection  is  scheduled  as  follows:  First  injection  terminated  at  10  psi.  then  120  min  without  dirt  injection, 
then  dirt  injection  restarted  and  continued  to  40  psi. 

q.  Procedure  13-M 

Same  as  13-A,  except  solid  contaminant  is  Pfizer  R-9998  red  iron  oxide 

r.  Procedure  13-N 

Sa<  as  13-A,  except  solid  contaminant  is  fine  AC  dust,  and  solids  injection  rate  is  59%  normal  (2.86 

g/min). 

s.  Procedure  13-0 

Same  as  13-A,  except  solid  contaminant  is  50%  fine  AC  dust  and  50%  coarse  AC  dust  (by  weight). 

t.  Procedure  13-P 

Same  as  13-A,  except  solid  contaminant  is  Pfizer  B00985  ground  iron  ore. 

u.  Procedure  13-Q 

Same  as  13-A,  except  solid  contaminant  is  Chemical  Commerce  Co.  “N”  biack  magnetic  iron  oxide. 

v.  Procedure  14 

Same  as  13-A,  except  test  consists  of  five  4-br  cycles  and  a  final  cycle,  with  at  least  10-min  shutdown 
between  cycles: 

Each  4-hr  cycle:  Water  0.002  gpm  throughout,  solids  5.72  g/min  until  pressure  drop 

reaches  20  psi. 

Final  cycle:  Water  0.2  gpm,  solids  5.72  g/min;  test  terminated  when  pressure 

drop  reaches  40  psi. 

w.  Procedure  14- A 

Same  as  Procedure  14,  except  solid  contaminant  is  fine  AC  dust,  and  final  cycle  is  omitted  if  pressure 
drop  has  reached  40  psi  in  a  previous  cycle.  If  a  final  cycle  is  necessary,  it  is  run  at  the  end  of  the  fourth  cycle 
without  intermediate  shutdown. 

x.  Procedure  14-8 

Same  as  Procedure  14,  except  solid  contaminant  is  fine  AC  dust,  and  solids  injection  cutoff  point  is  10 
psi  instead  of  20  psi.  Cycle  schedule  is  the  same  as  in  14- A 

V.  890IB  Procedures 

(!)  inhibited  Fuel  Test 

Although  this  procedure  is  quite  similar  to  Procedure  11,  there  are  a  few  important  differences 
between  the  two.  The  fuel  used  is  JP-5  with  16  Ib/Mbb!  of  Santolene  C  and  0. 1 5%  FSII.  As  in  Procedure  1 1,  the 


solid  contaminant  is  coarse  AC  dust  but  it  is  injected  at  a  rate  of  2.86  g/min  instead  of  5.72  g/min,  thus  loading  the 
dement  to  rated  capacity  in  70  min.  Two  of  these  tests  were  run,  one  at  40  gpm  and  one  at  30  gpm.  No  samples 
for  Karl  Fischer  determinations  of  free  water  are  drawn  at  any  time  during  the  test.  The  following  is  the  sample 
sdv.-dule  that  is  used;  this  differs  slightly  from  890 IB. 


Influent-fuel  WSIM.  1FT,  FS1I 
Effluent-fuel  solids  and  AEL 

’njection-water  solids,  pH,  md 
surface  tension 


Pre-test  and  post-test 

5. 10, 20,30,40, 50,60 
70, 80,90,100,110, 
120, 130  min;40  psi 


Post-test 


(2)  Media  Migration  Test 

Briefly,  this  test  consists  of  subjecting  an  element  to  fuel  at  six  different  flow  rates  ranging  from  6 
to  34.5  gpm  for  10-min  periods,  and  sampling  the  effluent  fuel  for  solids  content  determination.  No  solid  contami¬ 
nant  or  wtier  is  injected  at  any  time  during  the  test.  The  following  sample  schedule  is  used: 

Influent-fuel  WSIM.  1FT  Pre-test 

Effluent-fuel  solids  5,  10, 20, 30, 40, 50, 60  min 

(3)  Dry  Red  Iron  Oxide  Test 

In  this  test,  red  iron  oxide  (Fisher  I-1 16)  is  injected  into  a  fuel  flow  of  30  gpm*  at  a  rate  of  2.86 
g/min;  no  water  is  injected  at  any  time  during  the  test.  At  this  rate,  the  element  is  loaded  to  its  specified  solids 
capacity  of  10  grams  per  gp-.n  of  rated  flow  in  70  min.  The  test  is  continued  until  structural  failure  of  the  element 
becomes  apparent  or,  if  no  fa.  ure  occurs,  until  a  differential  pressure  of  75  psi  is  reached.  The  sample  schedule  is  as 
follows: 


Influent-fuel  WSIM,  IFT,  FSII  Pre-test,  post-test 

Effluent-fuel  solids  0, 5.  10,  and  each  10 

min  until  49  psi 
is  reached;  40  psi 
and  at  each  additional 
5-psi  difference  thereafter 

(4)  Water  Removal  Test 

As  adapted  to  the  Al/SS  bop,  this  test  consists  of  subjecting  an  element  to  a  34.5-gpm  fuel  flow 
for  the  first  hour,  and  a  32.8-gpm  fuel  flow  for  the  second  hour  of  the  test.  No  solid  contaminant  is  injected  at  any 
time  duripg  the  test.  Water  is  injected  at  a  rate  of  0.17  gpm  during  the  first  hour,  and  1.32  gpm  during  the  second 
hour  or  the  test.  The  following  is  the  sample  schedule  used: 

Influent  fuel  WSIM,  IFT,  FSII  Pre-test,  post-test 

Effluent-fuel  AEL  Every  10  min  during  first  hour;  every  5  min 

during  second  hour. 

Injection-water  solids,  pH,  Post-test 

surface  tension 

‘MIL-P-890IB  calls  for  flow  rate  to  be  that  for  which  the  elements  are  rated;  in  the  tests  reported  herein,  elements  rated  at  20  gpm 
were  tested  ai  a  flow  rate  of  30  gpm. 


I 

j 

i 
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(5)  Red  Iron  Oxide  and  Weter  Test 


Conditions  for  this  test  are  a  fuel  flow  of  30  gpm*,  a  water  injection  rate  of  0.9  (3.0%  of  fuel 
flow)  and  a  solids  injection  rate  of  2.86  g/min  of  red  iron  oxide  (Fisher  1-116).  These  conditions  are  maintained 
from  0  min  of  testing  until  a  40-psi  differential  pressure  is  reached  across  the  element.  Below  is  the  sample  schedule 
that  is  used: 

Influent-fuel  WSIM,  IFT,  FSII  Pre-test,  post-test 

Effluent-fuel,  solids,  AEL  ~  min  and  every  5  min 

thereafter;  40  psi 

Injection-water  solids,  surface  Post-test 

tension,  pH 

(6)  Modified  Inhibited  Fuel  Test 

This  test  is  identical  to  the  inhibited-fuel  test  except  that  red  iion  oxide  (Pfizer  B9998)  is  used  in 
place  of  coarse  AC  dust,  and  corrosion  inhibitors  other  than  Santolene  C,  in  differing  concentrations,  may  be  used. 
Test  using  this  procedure  may  also  be  run  on  fuel  containing  no  inhibitors  The  sample  schedule  is  the  same  as  for 
the  inhibited-fuel  test.  Fuel  flow  rate  is  20  gpm. 

2.  Clay  Treating  Procedure 

a.  General 

The  procedure  listed  here  is  used  to  clay  treat  a  batch  of  fuel  in  preparation  for  a  subsequent  single¬ 
element  loop  test.  The  procedure  is  written  primarily  for  fuels  containing  FSII  and  corrosion  inhibitors,  but  can  be 
used  with  minor  modifications  for  other  fuels.  Fuel  is  treated  by  pumping  from  one  of  the  loop  tanks  through  the 
clay  filter,  and  into  the  other  tank.  This  is  repeated  for  two  or  more  passes  through  the  clay  filter.  The  fuel  volume 
treated  is  normally  600  gal;  it  may  be  fresh,  additive-free  fuel,  or  it  may  be  additive-containing  fuel  remaining  after  a 
single-element  loop  test. 

Fuel  is  not  noimally  discarded  between  runs;  i.e.,  the  same  fuel,  plus  makeup,  is  used  from  test  to  test. 
Ordinarily,  the  loop  is  not  flushed  between  runs,  and  cleanup  filter-separator  elements  remain  unchanged  from  run 
to  run,  even  when  changing  from  one  inhibitor  to  another.  During  a  loop  test  on  a  filter-separator  element,  the  clay 
filter  is  bypassed;  it  is  used  only  for  clay  treating  between  runs. 

b.  Nomenclature 

The  following  nomenclature  has  been  adopted  for  reporting  clay-filter  operations: 

Influent  sample  Fuel  drawn  from  line  entering  ,  'ter- 

separator  test  section  in  AI/SS  loop 

Clay-treated  fuel  Test  section  influent  alter  day  treatment. 

•  without  the  addition  of  any  inhibitor 

Pre-test  sample  Test  section  influent  during  regular 

pre-test  period; contains  inhibitors 
if  same  were  added  for  test 

♦M1L-F-8901B  calls  for  flow  rate  to  be  that  for  which  the  elements  are  rated;  in  the  tests  reported  herein,  elements  rated  at  hi  gpm 
were  tested  at  a  flow  rate  of  30  gpm. 
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Post-test  sample 


Test  section  influent  after  completion  of  a 
single-element  test 

Fuel  volume  treated  Amount  of  fuel  in  system  subjected  to  clay  treatment 

(excluding  residual  fuel  in  clay-filter  housing  from 
previews  mr.,  which  has  been  treated  previously) 

c.  Outline  ot  Procedure 

With  the  correct  volume  of  fuel  in  one  tank,  it  is  pumped  at  40  gpm  through  the  cleanup  filter-separator 
and  clay  filter  to  the  other  tank,  then  back  to  the  first  tank;  the  direction  of  flow  through  the  cleanup  filter- 
'eparator  and  clay  filter  is  the  same  in  both  of  the  two  passes.  This  back-and-forth  pumping  is  repeated  for  a  total  of 
two  or  more  passes.  The  fuel,  in  the  original  tank,  is  then  recirculated  for  5  min  at  40  gpm  through  the  cleanup 
filter-separator  and  clay  filter,  and  the  “clay  treated  fuel”  is  sampled  and  analyzed  for  WSIM,  IFT,  and  FS1I  content. 
The  clay-treated  fuel  may  be  held  for  a  maximum  of  72  hr  before  use  in  a  loop  test;  if  held  longer,  it  must  be 
retreated. 

The  clay-treated  fuel  is  then  blended  with  inhibitors  as  required  for  the  subsequent  test.  It  is  assumed 
that  the  clay-treated  fuel  contains  absolutely  no  corrosion  inhibitor,  i.e.,  that  such  materials  have  been  removed 
100%  by  the  clay  treatment.  The  actual  FSII  content  of  the  clay-treated  fuel,  as  determined  by  analysis,  is  used  to 
calculate  the  FSII  makeup  requirement.  „ 

The  treated  fuel  is  then  used  to  run  a  single-element  loop  test.  Pre-test  and  post-test  fuel  samples  are 
analyzed  for  IFT,  WSIM,  and  FSII  content  m  addition  to  any  other  analyses  specified  in  the  single-element  loop  test 
procedure. 

d.  Specific  Test  Sequences 

When  fresh  fuel  is  to  be  charged  to  the  loop,  the  system  is  first  drained  thoroughly,  including  the 
cleanup  filter-separator  and  clay-filter  housings.  The  loop  is  not  ordinarily  flushed,  nor  are  the  cleanup  filter- 
separator  elements  changed.  One  of  the  tanks  is  loaded  with  outside  fuel  (normally  uninhibited  fuel)  in  amount  of 
600  gal  pius  allowance  for  clay-filter  holdup,  line  holdup,  and  losses.  This  fuel  is  recirculated  for  5  min  at  40  gpm 
through  the  cleanup  filter-separator  only,  and  sampled  for  IFT  and  WSIM.  It  is  then  clay-treated  with  four  passes, 
after  which  it  is  used  in  a  subsequent  single-element  test. 

For  a  repeat  test  m  the  same  inhibitors,  no  draining,  flushing,  or  element  change  is  required.  Fuel  losses 
in  the  previous  test  are  made  up  with  outside  fuel;  the  fuel  is  clay-treated  with  two  or  more  passes  and  then  used  in 
a  single-element  iest. 

When  changing  corrosion  inhibitor  (assuming  that  all  tests  are  run  with  FSII  present  in  the  fuel),  the 
sequence  is  identical  to  that  used  for  iepeat  tests  on  the  same  inhibitor,  except  that  four  passes  are  used  in  the  clay 
treating 

Fuel  may  be  reused,  and  the  same  set  of  clay-canister  elements  may  be  continued  in  service,  so  long  as 
Die  treating  coni  times  to  restore  the  fuel  to  'utiinhibiied-fuel  quality,”  as  evidenced  by  high  values  for  WSIM  and 
If  T 

Records  on  cumulative  tuel  volumes  ireated  and  clay-filter  throughput  are  kept  for  each  sot  of  clay- 
canister  elements,  i lie  volumes  being  broken  down  into  uninhibited  and  inhibited  fuel 

3.  Analytic*!  Ttcfmiqtm 

3  Genet  at 

Sis  t  >  jxs  of  analytical  tests  were  made  u.  conjunction  with  most  of  the  loop  tests  described  in  this 
report  t  smg  techniques  dcwtioed  in  rim  section,  analyse'  wcie  made  on  influent  fuel,  diluent  fuel .  and  injection 
watei 
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b.  Influent  Fuel 


(1)  Water  Separation  Index  Modified  (WSIM)  Determination 

The  method  used  followed  ASTM  D  2550-66T  except  for  deviations  in  the  test  fuel  flush  (amount 
and  scheduling),  in  the  schedu'ing  of  coalescer  cell  installation,  and  in  the  use  of  both  hot  and  cold  water  (65  to 
90°  F)  for  temperature  control  instead  of  the  use  of  only  cold  water  as  prescribed  in  ASTM  D  2550-66T. 

Two  test  fuel  flushes  of  180  tc  220  ml  rather  than  200  to  250  ml  were  used  prior  to  calibration  of 
the  outp  at  meter,  immediately  after  the  second  test  fuel  flush,  the  coalescer  cell  assembly  was  installed  and  the 
calibration  of  the  output  meter  was  then  effeeud  using  400  to  600  mi  f  test  fuel. 

(2)  Interfacial  Tension  (IFT)  Determination 

In  this  determination,  a  platinum  ring  was  pulled  upward  through  a  water-fuel  interface  and  the 
required  force  was  measured.  All  determinations  of  this  type  were  made  using  a  Fisher  Tensiomat  Model  21 
according  to  instructions  supplied  by  the  manufacturer  and  in  general  accordance  with  ASTM  D  971-50.  A  few 
important  deviations  from  this  method,  however,  were  made.  Instead  of  rinsing  in  pe  roleum  naphtha  or  benzene 
followed  by  rinsing  in  mehtyl  ethyl  ketone,  the  ring  was  cleaned  by  rinsing  in  benzene  or  toluene  followed  by  rinsing 
in  acetone.  Also,  the  interface  aging  time  was  always  45  to  75  sec.  Lastly,  samples  for  analysis  were  never  filtered 
prior  to  this  determination. 

13)  Fuel  System  Icing  Inhibitor  (FSII)  Determination  * 

In  this  test,  FSII  was  removed  from  a  sample  of  fuel  by  extraction  with  water.  The  amount  of 
icing  inhibitor  in  the  extract  was  then  determined  by  measuring  the  difference  between  its  refractive  index  and  that 
of  the  water  used  in  making  the  extraction.  The  test  method  is  described  in  FTMS-79 la  Method  5340. 

A  Seiscor  Model  AC -500  differential  refractometer  was  used.  However,  the  procedure  deviated 
from  the  manufacturer’s  directions  and  from  the  FTMS-79  la  method.  A  major  deviation  was  the  use  of  fuel- 
FSII  blends  rather  than  water-FSII  blends  in  preparing  the  cell  calibration  curve.  Other  deviations  used  in  an 
effort  to  refine  the  method  and  make  the  determination  more  accurate  and  reproducible  were  the  use  of  a 
second  separatory  funnel  in  which  the  FSil-extract  solution  could  separate  further  from  remaining  traces  of 
fuel  and  the  use  of  a  polypropylene  needle  on  the  second  separatory  funnel  to  facilitate  filling  of  the  cell. 

c.  Effluent  Fuel 

(1)  Solids  Content  Determination 

The  method  used  followed  the  laboratory  filtration  method  described  in  ASTM  method  D  2276- 
67T.  A  known  volume  of  fuel  was  filtered  through  a  preweighed  test  membrane  filter  and  the  increase  in  membrane 
filter  weight  was  determined  after  washing  and  drying.  The  change  in  weight  of  a  control  membrane  filter  located 
immediately  below  the  test  membrane  filter  was  also  determined.  The  total  contaminaticn  was  then  determined 
from  the  increase  in  weight  of  the  test  membrane  filter  relative  to  the  control  membrane  filter. 

The  only  major  deviation  from  the  ASTM  method  named  was  the  addition  of  a  color  iating  of  the 
test  membrane  filter  after  the  filtration,  drying,  and  weighing. 

(2)  AEL  Free  Water  Determination^) 

With  the  AEL  method,  effluent  fuel  water  content  was  measured  using  a  porous  pad  which  was 
coated  with  a  water-sensitive  uranine  dye.  When  fuel  containing  free  water  was  passed  through  the  water-detector 
pad,  a  change  occurred  in  the  dye  at  the  point  of  coptact  of  each  water  droplet  This  change  caused  the  dye  to 


'This  determination  is  described  in  detail  in  Section  VII1-5  of  this  report. 

ft- .valuations  of  the  AF.l,  method  of  free  water  determination  are  described  in  earl*',  reports.!  * 
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fluoresce  brightly  when  the  pad  was  exposed  to  ultraviolet  light.  By  using  a  measured  sample  volume,  and  comparing 
the  pad  with  known  standards,  it  was  possible  to  obtain  a  relative  rating  of  free  water  content. 

AEL  free  water  analysis  was  performed  on  line  samples  at  the  sampling  port  using  water-detector 
pads  conforming  to  M1L-D-81248  (WP)  and  the  following  sampler  components  available  from  Miliipore  Filter 
Corporation: 

No.  XX64  0.37  03  Quick-release  valve 

No.  XX64  037  08  Sampler  with  inlet  hose  and  valve  assembly  and 

1000-ml  polyethylene  bottle 

No.  XX64  037  75  Stainless  steel  monitor  case 

T  he  ultra vioic,  light  pad-viewer  and  set  of  *  FI.  standards  conformed  to  MIL-V-81227  (WP)  and 
MIL-S-81282  (WP),  respectively. 

In  an  earlier  report^),  the  AEL  free  water  detector  was  evaluated  for  accuracy  of  ratings.  Results 
of  that  evaluation  indicated  that  for  direct  line  samples  from  the  Al/SS  loop,  there  was  a  clear  relation  between 
sample  size  and  AEL  rating.  The  optimum  sample  was  indicated  to  be  slightly  less  than  300  ml  for  best  agreement  of 
AEL  rating  with  free  water  content  of  the  fuel.  Other  measurements,  made  in  a  batch-blending  system  which  was 
sealed  to  prevent  water  exchange  between  the  fuel  and  the  atmosphere,  indicated  that  the  optimum  sample  size  was 
275  ml.  These  results  suggest  very  strongly  that  the  “as-read”  AEL  ratings  for  500-ml  direct  line  samples  reported 
herein  are  higher  than  the  actual  free  water  content.  The  AEL  ratings  obtained  in  loop  tests  and  reported  here*  are 
direct,  “as-read"  values.  The  sample-size  correction  was.  omitted  for  two  reasons:  (1)  it  is  not  certain  that  a 
correction  factor  based  on  results(^)  obtained  with  uninhibited  JP-5  fuel  can  be  universally  used,  and  (2)  as  far  as 
comparison  and  statistical  analyses  are  concerned,  the  conclusions  that  are  drawn  will  be  the  same  whether  the  AEL 
ratings  are  multiplied  by  a  factor  or  not. 

d.  Injection  Water 

(1)  Determination  of  pH 

A  Leeds  and  Northrup  pH  indicator  (Model  7401)  v.as  used  according  to  the  manufacturer’s 

instructions. 

(2)  Solid  Content  Determination 

As  in  the  case  of  the  effluent  fuel  solids  determination,  this  method  followed  closely  ASTM 
method  D  2276-68T  of  laboratory  filtration,  but  was  modified  for  use  with  water  samples.  Instead  of  the  commonly 
used  0.8-p  Miliipore  membrane  filters,  metallic  0.8-g  filters  (Flotronics  Inc.  Cat.  No.  FM  47-80)  were  used.  Filtered 
distilled  wate-  had  to  be  used,  rather  than  petroleum  ether,  to  rinse  out  the  sample  bottles.  As  in  the  determination 
of  effluent  fuel  solids,  a  known  volume  of  water  was  filtered  through  a  pre-weighed  filter  and  the  total  contaminant 
was  determined  from  the  increase  in  weight  of  the  filter  after  washing  and  drying.  However,  in  analysing  water 
samples,  no  control  filters  were  used,  since  the  silver  mem'.ranes  aie  insensitive  to  variations  in  washing  and 
procedures  or  to  changes  in  ambient  humidity. 

13}  Surface  Tension  (ST)  Determination 

The  technique  used  was  essentially  the  method  described  in  ASTM  D  971-50.  After  having 
obtained  satisfactory  values  (71  to  72  dynes/cm)  for  the  surface  tension  of  distilled  water,  a  sample  of  injection 
water  was  tested  in  the  same  way.  This  sample  was  drawn  downstream  of  the  water  injection  system  filter  and  was 
not  refiltered  prior  to  the  determination.  A  Fisher  Tensiomat  Model  21  was  used.  One  notable  deviation  from  the 
ASTM  method  was  that  the  platinum  ring  was  cleaned  by  immersing  first  in  benzene  or  toluene  and  *hen  acetone 
’■.ither  than  in  petroleum  naphtha  or  benzene  and  then  methyl  ethyl  ketone 


♦In  the  small-scale  coalescence  results  reported  In  Section  VII,  Al  l  ratine  corrections  were  made 
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SECTION  V 


LOOP  TEST  RESULTS  AND  DISCUSSION 


1.  General 

The  loop  test  results  used  in  the  analyses  which  follow  can  be  divided  into  four  groups.  One  group  designated 
as  “fuel  quality  parameters”  includes  WSIM  and  !FT  measurements  taken  at  three  different  times:  post-clay  treat¬ 
ment,  pre-test,  and  post-test.  The  second  group  designated  as  “injection  water  quality  parameters”  includes  injection 
water  surface  tension,  pH,  and  solids  content  measurements.  The  third  group  of  results,  designated  as  “element 
physical  parameters,”  includes  element  weight,  element  differential  pressure  measured  in  the  pressure-check  trough, 
and  differential  pressure  measured  in  the  Al/SS  !u,p  zero-minutes  test  time.  The  fourth  group  of  results, 
designated  as  “element  performance  parameters,”  includes  element  weight  gain,  percent  dirt  h  ad  at  2.0  psi  and  *!  40 
psi,  average  and  maximum  AEL  free  water  rating  of  effluent,  average  and  maximum  so'ids  content  of  effluent,  and 
average  and  maximum  Totamitor  readings  on  effluent  fuel. 

Statistical,  graphical,  and  other  analyses  of  the  aforementioned  parameters  were  performed  as  deemed  neces¬ 
sary  in  order  to  study  various  aspects  of  single-eiement  filter-separator  testing  as  follow 

•  Level  and  variation  in  fuel  quality  parameters  during  tests  and  the  extent  of  correlation  between  these 
parameters  and  the  element  performance  parameters 

•  Effects  of  clay  treatment  of  fuel  on  fuel  quality  and  element  performance  par — leters 

•  Effect  of  variations  in  injection  water  quality  on  element  performance  parameters 

«  Variations  in  element  physical  parameters  and  the  effect  of  these  variations  on  element  performance 

parameters 

•  Effects  of  additives  on  fuel  quality  and  element  performance  parameters 

•  Relationships  between  element  performance  parameter' 

In  addition,  the  last  subdivision  of  this  section  deals  with  special  tests  and  tests  not  sufficiently  replicated  to 
be  amenable  to  statistical  analysis. 

2.  Test  Groupings 

In  order  to  make  it  easier  to  use  information  from  the  test  da: '  "resented  in  the  Appendix  of  this  report  and 
the  Appendix  of  an  earlier  report^),  several  tables  are  presented  which  list  tests  carried  out  under  certain  condi¬ 
tions. 

In  Table  9,  tests  conducted  on  JP-4  fuel  arc  identified  as 
to  proccdute  and  fuel  condition,  fresh  or  reused.  Similar  in  for 
ination  for  tests  conducted  on  JP-5  fuel  is  given  m  Table  10 


Tables  il  and  12  identify  tesis  run  or.  J?M  and  JP-S , 
respectively,  grouped  according  lo  additives  but  without 
regard  to  FSII  content  ’’able  13  identifies  tests  tun  at  three 
different  levels  of  FSII  content  ’or  both  JP-4  and  JP-5 

Table  14  identities  tests  as  to  both  type  ot  injection  wa-.ci  and  type  of  solids  lO.ntan’uuui  tests  on 
both  J P-4  and  JP-5  aic  included 


1  ABIT  9  TESTS  INVOLVING  JP  4  FUEL 


Procedure  h 


Tuel  condition 


Fresh 


10 
I  !  A 


4K,4‘».5tt-MJ.M  A 
21  2-2 1  u 


Reused 


50  55. 6  HUG 


Procedure 


10 


11 

12 

I3-A 


13-B 

13-C 

1 3-D 

13-E 

13-F 

13-C. 

1 3  H 

13-1 

13-J 


13-K. 

13-L 

13-M 

13-N 


13-0 


1 3-P 

13- 0 

14 

1 4- A 
14  B 

MII.-F-K90IB  inhibited 
tuei  l cm  ji  40  (pin 
Media  nu jir  j  non 
Dry  RIO  test 
Water  removal 
RIO  and  water 
Modified  inhibited 
iucl  lest 

Inhibited  iuel  test 
at  U)  (pm 


to.  TESTS  INVOLVING  JP-5  FUEL 


Fuel  con 

lition 

1 

Freih 

Reused 

Fresh 

clay-treated 

Reused 

clay-treated 

63,64,66, 

65,67,68 

69-83,91-100, 

110,134,138,142, 

143,148 

84,85,86 

88,90 

101,109,125.132, 

89 

220,247,248, 

221-242,249-255. 

133,136,137  140, 

261,289,304 

262-288,290-298, 

141,144,146,147, 

184-211,243-246 

102 

305-313 

103 

— 

... 

104 

— 

105 

— 

_ 

— 

106 

— 

- 

111 

-- 

112 

... 

- 

114 

... 

... 

115,126-131,135, 

... 

139,145,149-151, 
154.155, 157, 1S9, 
161,162,1 70.172, 176- 
179,225-229 

116 

1 

117 

— 

'.24 

... 

152. 153. 1  56.158. 

... 

160.163-165.171, 

1  73 

166-109.174,175. 

1:30-183 

515-322 

... 

... 

... 

3.3,324 

108 

... 

... 

... 

118.119.121-123 

120 

• 

256 

2  5  H,\ 

259A 

258B 

... 

259B 

260A 

... 

.6011 

314,328 

325-327. 

- 

- 

329 

- 

... 

257 

38 


w>r#*r  prr>r^&x*s.y>  .»*, 


« 

t£ 

f 

f  » 


TABLE  1 1 .  TESTS  INVOLVING  JP4  PLUS  ADDITIVES 
WITHOUT  REGARD  TO  FSII  CONTENT 


Additives 

Tett  numben 

None 

4  Ib/Mbbl  Sat 

16  Ib/Mbbl  Snt 

4  Ib/MbU  AFA 

4  Ib/Mbbl  AFA  +  I  mg,.’  ASA 

1  mg/e  ASA 

5  5  Ib/Mbbl  To! 

5  Ib/Mbbl  lobr 

48-51,60 

52,53,62 

54,55 

56,212,213 

214-216 

217-219 

57,58 

59  _ 

TABLE  12.  TESTS  INVOLVING  JP-5  PLUS  ADDITIVES 
WITHOUT  REGARD  TO  FSII  CONTENT 


Corrosion  inhibitor 

Other  idditive 

Test  numben 

None 

None 

63,80,81 ,87-90,1 29-131 .258A-260B, 
299-303B 

None 

0.60,0.80  mg/C  ASA 

61A.61B 

None 

1.00  mg/e  ASA 

217-219 

None 

0.02  mg/8  PtL 

186 

None 

0.05  mg It  PtL 

187,188 

None 

0.20  mg/8  PtL 

185 

None 

1.00  mg/e  PtL 

184 

None 

0.02  mg/e  PtCR 

189 

None 

0.05  mg/e  PtCR 

190 

None 

0.10  mg/e  PtCR 

191 

Nor.e 

0.20  mg/e  PtCR 

192 

None 

0.25  mg/e  PtCR 

193,195 

None 

0.50  mg Jt  PtCR 

1% 

None 

1.00  mg/e  PtCR 

194 

None 

1.00  mg/e  NC-2 

197 

None 

10.00  mg/e  NO?. 

!98 

None 

JC.'JO  mg/e  NC-2 

199 

None 

0  50  mg/e  NA-l 

203 

None 

1.00  mg/e  NA-l 

201 

None 

5  00  mg/e  NA  1 

200 

None 

10  00  mg/e  NA-l 

200 

4  Ib/Mbbl  Snt 

None 

52.53,62,69,1 59,1  oO.  165 

16  Ib/Mbbl  Snt 

None 

54  68,70-79.83  *6,91  99.  1 

123-128,161  164,166-168,204,220  ’79 
256,257.261-272.317.318.320,323, 

324 

56,157,158  205  21  1 

4  Ib/Mbbl  Af  A 

None 

10  Ib/Mbbl  AKA 

None 

.114  M'.SVJl'* 

1 6  Ib/Mbbl  AKA 

None 

1 00-10#.  I -1  :M.i50-t5(v!74, 
i?5  mo-:  «<.:?» 

5  5  Ib/Mbbl  K4 

None 

57.58.140.144 

.’0  Ib/Mbbl  To! 

None 

141  143. 145, 218, .'49 

5  Ib/ffibh!  i  uhr 

Now* 

59, 1 46 

20  Ib/Mbb!  I  ubr 

None 

147  1442*11  252.2*9  298.304  313. 

7  Ib/Mbb!  RP 

N<  >ne 

172.171 

/I)  Ib'Mbbi  RP 

None 

109  120.169  I  ’1,235-24’ 

14  5  Ib/Mhbl  K)S 

None 

!  \ ; ,  i  \  \ 

9 1b/MbW  Uni 

None 

l.UM  7/..I  77. Mi)  |8! 

20  Ib/Mbbl  Uni 

None 

137  1  19  1  7, v  t  ’9,1 82,18 1, 25. 3-2 s 5 

TABLE  13.  TESTS  INVOLVING  JP-4  OR  JP-5 
AT  DIFFERENT  FSII  CONCENTRATIONS 


FSII 

concentration, 
vol  % 

Test  numbers 

JP-4 

JP-5 

0 

48,49 

63,73,84-90,1 84-203 ,258A, 
258B,259A,259B,328 

0.10 

— 

207-219 

0.15 

50-60,61  A, 
61B,62 

64-72,74-83,91-183, 

205,206,220-257, 

26 1  -298  304-327 ,329 

TABLE  14.  TEST  GROUPING  BY  INJECTION  WATER 
TYPE  AND  SOLID  CONTAMINANT 
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Table  1 S  groups  tests  accoming  to  filter-separate?  element  identification. 


TABLE  IS.  TESTS  INVOLVING  DIFFERENT 
FILTER-SEPARATOR  ELEMENTS 


Element  identification 

Test  numbers 

Filters  Inc,  lot  286 

Filters  Inc,  lot  428 

Filters  Inc,  lot  440 

Filters  Inc,  lot  440A 

Filters  Inc,  lot  465 

48-60, 61A,61B, 62  3 

84-90 

91-150 

151-199 

200-257, 258A.258B, 

276, 278,282,287,290,296, 

304,308 

Fillers  inc.  lot  516 

259A,259B.26QA,260B,3 15-324 

Filters  Inc,  Govt.  Std. 

310-313 

Fram,  lot  14  CC-S1  IB 

261 ,264,265,268,273,280,281 , 
288,289,295,298,307 

Bendix,  part  no.  04580004 

262,266,267,269,274,279,284, 

285,292,294.297.306 

Bendix,  part  no.  04580004 

ID  69  M28 14  (special  RIO) 

314,325,326 

Bowser,  part  no.  Al  389B 

263,270-272,275,277,283,286,291, 

293,305,309 

Bowser,  part  no.  A1389B 
(special  Rif1 

327-329 

3.  Data  Used 

The  data  used  fall  into  five  classifications:  test  condition,  fuel  quality  parameter,  water  quality  parameter, 
element  physical  parameter,  and  element  performance  parameter  Tb'  53  d  ta  items  used  in  the  computer 
are  listed  and  described  in  Table  16.  These  data  were  extracted  from  he  Test  Data  Summary  Sheets  Riven  in  the 
Appendix  of  this  report  arid  in  the  Appendix  of  Reference  (5).  as  well  as  from  the  data  sheets  of  the  various 
anal)  deal  tests  performed  on  sample  fuel. 

Most  of  these  data  iteins  are  fully  defined  by  the  descriptions  given  in  the  tab'c  Some  additional  remarks  are 
needed  to  clarify  the  meaning  and  method  of  determination  of  certain  parameters  related  10  the  elements 

The  two  values  for  "element  .Al’”  are  determined  a:  the  start  of  a  given  loop  lest  The  value  dcteimincd  in  the 
open  trough  represents  the  resistance  of  the  clement  itself  to  flow  ot  uninhibited  JP  S  luei  a'  30  gpm  Ihe  value 
determined  at  “0  min”  represents  the  resistance  of  the  entire  test  unit  including  housing,  element,  and  canister 
measured  under  actual  test  conditions  Strictly  sneaking,  this  latter  value  (0. min  i  is  not  the  r.'  „(»/  dtHetential  pressure 
although  the  element  surely  contributes  most  of  the  resistance  As  discussed  in  Section  VI 1 1  i  ot  this  report  the  actual 
contribution  of  the  element  cannot  be  determined  from  measurements  on  the  housing  Thus,  the  two  values 
obtained  (in  the  trough  Si.d  in  the  loop)  must  be  regarded  as  iwo  separate  measures  ot  element  flow  resistance 


TABLE  16.  y STING  OF  TEST  DATA  USED  IN  COMPUTER  ANALYSES 


Datum 


Test  conditions 


Test  no. 
Fuel 


Fuel  batch  no. 

Procedure 
Corrosion  inhibitor 
Corrosion  inhibitor  concentration 
Other  additive 

Other  additive  concentration 
Blended  FS1I  concentration 
Element  manufacture 
Element  lot  or  identification 
Type  of  injer  non  water 
Type  of  solids 
Gallons  of  water  injected 


f  uel  quality  parameters 


Post-clay  WSIM 
Protest  WSIM 
Post-test  WSIM 
Post  clay  I  FT 
Pre-test  IFF 
Post  lest  IFT 
Post-day  FSII 
Pre  test  FSII 
Post-test  FSII 

Post-clay  WS!M  disk  stain  color 
Pre-test  WSIM  disk  stain  color 
Post-test  WSIM  disk  stain  color 


Description 


JP-4:  fresh  or  reused 
JP-5:  fresh,  'eused,  fresh  clay-treated,  or 
reused  day-treated. 

Batches  1 4-25 

Thirty  procedures  as  described  in  Section  IV 
Seven  inhibitors  plus  jninhibited 
Concentration  in  Ib/Mbbl 
Includes  anti-static  additive  and  surfactants 
Concentration  in  mg/? 

0,0-1,  or  0.15  vol  % 

Filters  Inc,  Fratn,  Bendix,  or  Bowser 
Identification  of  13  different  lots 
Identification  of  13  diffeent  waters 
Identification  of  7  different  solids 
A  measure  of  fuel  washing  based  on  the  water 
injection  rate  in  gpn  X  the  time 
during  which  water  was  injected. 


Measurement  taken  on  sample  fuel  drawn 
immediately  after  clay  treatment. 

Measurement  ieken  on  sample  fuel  diawn 
immediately  before  test. 

Measurement  taken  on  sample  fuel  drawn 
i'rmediately  after  test. 

Measurement  taken  on  sample  fuel  dnwn 
immediately  after  clay  treatment . 

Measurement  taken  on  sample  fuel  drawn 
irr.:  diately  before  test 

Measurement  taken  on  sample  fuel  drawn 
immediately  after  test. 

Measurement  taken  on  sample  fuel  drawn 
immediately  after  clay  treatment. 

Measurement  taken  on  sample  fuel  drawn 
immediately  before  test. 

Measurement  taken  on  se  n  >le  fuel  drawn 
immediately  after  test 

Color  of  stain  on  fine  media  disk  rated 
as  none,  light,  med>um  or  dark. 

Color  of  stain  on  fine  media  disk  rated 
as  none,  light,  medium  or  dark. 

Color  of  stain  on  fine  r  iedia  disk  rated 
as  none,  light  medium  or  dark. 
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TABLE  16.  LISTING  OF  TEST  DATA  USED  IN  COMPUTER  ANALYSES  (Cont’d) 


Datum 

Description 

Post-clay  WS1M  disk  stain  size 

Diameter  of  stain  on  fine  media  disk, 

16th  in. 

Pre-test  WSIM  disk  stain  size 

Diameter  of  stain  on  fine  media  disk, 

16th  in. 

Post-test  WSIM  disk  stain  size 

Diameter  of  stain  on  fine  media  disk, 

16th  in. 

Water  quality  parameters 

pH  of  injection  water 

Measurement  taken  on  sample  of  injection 
water  used  in  test. 

Surface  tension  of  injection  water 

Measurement  taken  on  sample  of  injection 
water  used  in  test 

Solids  in  injection  water 

Measurement  taken  on  sample  of  injection 
water  used  in  test. 

Element  physical  parameters 

- - — - - 

Element  weight  (initial) 

Pie-test  weight,  g 

Element  AP  in  trough 

Differential  pressure  in  trough,  psi 

Element  AP  at  0  min 

Differential  pressure  at  start  of  test, 
psi 

Element  performance  parameters 

Element  weight  gain 

(Post-test  dried  weight)-(pre-tesi 
weight),  g 

%  dirt  load  at  20  psi 

Based  on  calculated  amount  of  injected 
solids  and  element  rated  capacity  of  200g. 

%  dirt  load  at  40  psi 

Based  on  calculated  amount  of  injected 
solids  and  element  rated  capacity  of  200g. 

Average  AEL* 

Average  of  all  measurements  after  start  of 
water  injection,  mg/?,  up  to  40  psi. 

Maximum  AFL*  rating 

Maximum  of  all  measurements  after  start  of 
water  injection,  mg/?,  up  to  40  psi. 

AEL*  rating  of  sample  A 

Value  obtained  at  following  times: 

Procedure  10:  ^5  min:  Procedure  8()0IB, 
modified  inhibitor  fuel  test:  (•>*>  niin; 
all  other  procedures:  5  nun. 

AEL*  rating  of  sample  i> 

Value  obtained  at  following  times: 

Procedure  8l>01  B,  modified  inhibitor 
fuel  test  80  min;  all  other  procedures: 

20  psi. 

AEL*  rat.ng  of  sample  C 

Value  obtained  at  following  times: 

Procedure  8901B,  modified  inhibitor  fuel 
test:  90  min;  all  othei  procedures: 

40  psi. 
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TABLE  16.  LISTING  OF  TEST  DATA  USED  IN  COMPUTER  ANALYSES  (Cont'd) 


Datum 

Description 

Average  solids  content 

Average  of  all  measurements  after  start  of 
solids  injection,  mg/2,  up  to  40  psi. 

Maximum  solids  content 

Maximum  of  all  measurements  after  start  of 
solids  injection,  mg/2,  up  to  40  psi. 

Solids  in  sample  A 

Value  obtained  when  drawing  corresponding 

AEL  sample. 

Solids  in  sample  B 

VVJue  obtained  when  drawing  corresponding 

AEL  sample. 

Solids  in  sample  C 

Value  obtained  when  drawing  corresponding 

AEL  samj.'.e. 

Average  Totamitor  rating 

Average  of  all  measurements  taken  after 
element  had  been  exposed  to  water  or 
solids. 

Maximum  Totamitor  rating 

Maximum  of  all  measurements  after  start  of 
either  water  or  solids  injection,  up  to 

40  psi. 

Totamitor  at  sample  A 

Value  obtained  when  drawing  corresponding 

AEL  sample. 

Totamitor  at  sample  B 

Value  obtained  when  drawing  corresponding 

AEL  sample. 

Totamitor  at  sample  C 

Value  obtained  when  drawing  corresponding 

AEL  sample. 

*AEL  ratings  determined  on  500-ml  samples.  Ratings  have  not  been  corrected  for  sample  volume. 

The  “element  weight  gain”  represents  the  amount  of  solids  retained  during  the  entire  test.  If  retention  is 
efficient,  and  if  the  dirt  feeder  is  operating  properly,  the  weight  gain  corresponds  closely  to  the  “calculated”  dirt 
injection.  The  calculated  values,  based  on  dirt  feeder  calibration,  are  used  to  obtain  the  “dirt  loads  at  20  and  40  psi,” 
expressed  as  percentages  of  the  nominal  dirt  capacity  of  200  g.  The  measured  “weight  gain”  refers  to  the  entire  test, 
not  to  any  given  pressure  differential,  and  hence  does  not  necessarily  correspond  to  a  calculated  value  for  20  or  40 
psi  even  if  retention  is  total  and  the  dirt  feeder  calibration  is  perfect. 

The  samples  designated  A.  B,  and  C  (Table  16)  are  effluent  fuel  samples  chosen  arbitrarily  to  give  the 
maximum  number  of  comparable  data  point  for  each  procedure. 

4.  Statistics  and  Computer  Program 

All  computer  programming  was  performed  by  personnel  of  the  Directorate  of  Computation  Services,  Aero¬ 
nautical  Systems  Division,  Wright-Patterson  Air  Force  Base,  Ohio.  Computations  were  made  on  that  organization's 
IBM  70^0/70^4  direct  coupled  system,  Fortran  IV  language  was  used. 

Three  types  of  statistical  information  were  derived  from  the  computer  program.  Minimum,  maximum,  mean, 
and  standard  deviation  of  the  various  parameters  were  extracted  or  computed  for  test  groupings  according  to 
different  combinations  of  test  conditions.  A  special  program  was  written  for  storing  and  retrieving  data  and  the 
computer  output  was  obtained  by  means  of  the  TALLY  subroutine  (slightly  altered). 

The  second  type  of  computer  output  consisted  of  parameter  means  and  standard  deviations  for  tests  grouped 
according  to  various  combinations  of  test  conditions  and  d  o,  the  calculated  value  of  Student's  t  for  pairs  of  test 
groupings.  These  calculations  were  performed  by  means  of  the  TTEST  subroutine.  *n  example  of  this  output  is  as 
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follows:  mean  and  standard  deviation  of  element  weights  for  each  element  lot  are  calculated  and  then  Student's  t  is 
calculated  for  different  pairs  of  element  lots.  Student's  t  can  be  used  to  assign  levels  of  significance  to  the  difference 
of  means  of  two  groups  of  data.  This  last  operation  was  performed  manually  using  published  significance  tables^). 

The  third  type  of  computer  output  consisted  of  regression  coefficients  and  equations  and  correlation  coeffi¬ 
cients  for  pairs  of  parameters  from  tests  grouped  according  to  various  combinations  of  test  conditions.  A  typical 
example  of  this  type  of  output  is  the  regression  and  correlation  coefficients  for  element  weight  versus  element 
differential  pressure  for  groups  of  tests  having  the  same  element  lot  and  fuel.  The  regression  and  correlation 
calculations  were  performed  by  means  of  the  M1SR  subroutine  (slightly  altered).  Additional  output  from  this 
subroutine  includes  means,  standard  deviations,  skewness,  k»rtor,is,  and  standard  errors  of  regression  coefficients. 

In  addition  to  the  foregoing  computer  programs,  a  program  was  written  to  compute  the  i  statistic  used  in 
determining  the  significance  of  the  difference  between  two  regression  coefficients.  The  equations  used  in  the 
computer  calculations  are  given  below. 

Standard  deviation! SD) 

V  n-  1 

where 


X  =  individual  parameter  value 
X  =  mean  of  all  parameter  values 


n  =  number  of  parameter  values 


Student ‘s  t  for  difference  of  means 


t  = 


X,  -Xa 


'(SD,)2  (SP2)2 


»2 


where  X!  and  X:  are  means  of  parameters  for  data  groups  1  and  2,  SD]  and  SD2  are  standard  deviations  of 
parameters  for  data  groups  1  and  2,  and  n,  and  n2  are  number  of  parameter  values  in  data  groups  1  and  2. 


Regression  coefficient  (b) 

b  =  2  f(X-X)(Y-Y)] 
2  (X  -  X)2 


where  Xand  Y  are  individual  parameter  valuer,. 

The  regression  coefficient  appears  in  the  equation  for  the  regression  line  as  follows: 

Y  =  bX  +  a 

where  a  is  the  Y-intercept  of  the  line  (a  is  provided  in  the  computer  output). 

The  above  two  equations  refer  to  the  line  of  regression  of  Y  on  X,  i.e.,  the  best  least-squares  fit  to  minimi/e 
deviations  from  the  line  in  the  Y-direction.  In  accordance  with  customary  usage,  X  is  the  independent  and  Y 
the  dependent  variable. 
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Correlation  coefficient  (r) 


r  = 


S(X-X) 

S(Y-Y) 


1 


i 


Correlation  coefficients  provide  a  measure  of  the  scatter  of  data  about  the  regression  line.  Correlation  coeffi¬ 
cients  may  range  from  1  to  +1  and  will  have  the  same  sign  art  the  regression  coefficient.  A  value  of  zero  denotes  no 
correlation  and  a  value  of  unity  denotes  perfect  correlation  (nil  points  on  the  line).  The  significance  of  intermediate 
values  depends  upon  the  number  of  degrees  of  freedom  ( n  -  2). 

Statistical  significance  is  stated  in  terms  of  the  probability  (percent)  that  a  greater  correlation  coefficient 
would  be  obtained  by  chance  in  infinite  samplings  of  the  same  population.  Levels  of  significance  of  correlation 
coefficients  reported  herein  were  obtained  from  Reference  (8;). 

Student's  t  for  difference  between  n, session  coefficients 


The  level  of  significance  of  differences  in  regression  coefficients  was  assigned  by  first  calculating  thet  statistic 
end  then  determining  the  level  of  significance  from  a  t  'ble  relating  t  values  to  probability  of  chance  occurrence  of 
g\ eater  differences^).  The  equations1*)  for  calculating  t  is  given  below: 


bi  -b2 


(n,  Txs;,  -  b?s*J)  +  (n1  -1XS*2  -bjs*a) 

•  1  1 
+  _ 

.  j 

nt  +  rij  -4  j 

(n,  -  1)  S* ,  ”(na-l)S*2 

where  b|,  b2  are  regression  coefficients;  n,,  n2  are  number  of  data  in  each  set:  and  SXl,  S*2,  are  standard 
deviations. 


The  significance  level  of  various  statistics  is  stated  as  me  percent  probability  (P)  that  a  greater  difference  in 
means,  a  greater  correlation  coefficient,  or  a  greater  difference  in  regression  coefficients  could  have  occurred  by 
chance.  For  example,  if  a  correlation  coefficient  is  significant  at  the  5%  level,  a  larger  correlation  coefficient  would 
occur  by  chance  5%  of  the  time  in  an  infinite  number  of  samplings  on  the  same  population.  It  should  be  emphasized 
that  smaller  probabilities  indicate  greater  significance.  For  example,  customary  designations  of  significance  levels  are 
as  follows: 

Significant:  Probability  less  than  5% 

Highly  significant  Probability  less  than  1% 

Very  highly  significant:  Probability  less  than  0.1% 

5.  Fuel  Quality  Parameter* 

a  Typical  Levels  of  Fuel  Quality  Parameters 


Two  fuel  quality  parameters  (WSIM  and  1FT)  were  measured  in  most  of  the  Al/SS  loop  tests.  Generally, 
each  parameter  was  measured  on  samples  taken  at  the  following  times:  post-day  treatment,  pre-test  (after  blending 
with  additives),  and  post-test 

Mean  pre-test  WSIM  values  for  lour  different  JP-4  blends  are  given  in  Table  17.  The  number  of  measure- 
nk’i'is  is  >hree  or  less  in  every  case  and  neither  the  accuiacy  nor  precision  can  be  considered  as  very  reliable 

file  uniformity  of  WSIM  levels  for  clay  treated  JP-*>  is  shown  by  the  results  on  three  fuel  hatches  given 
m  fable  IK  Fuel  batches  27  and  24  had  mean  post-clay  WSIM  values  which  were  very  close,  96.5  and  96.4, 
respectively.  The  mean  post-clay  WSIM  value  for  batch  25  (9K.4)  was  significantly  different  (P  <  1%)  than 
those  obtained  for  either  batches  23  or  2A. 
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Table  19  contains  mean  pre-test  WSIM  data  for  a 
variety  of  JP-S  fuel  blends  including  both  clay-treated  ind 
untreated  fuel.  Also,  mean  post-test  WSIM  data  are  given  for 
all  of  the  clay-trcated  fuel  blends  except  for  uninhibited  JP-5. 

As  part  of  the  later  WSIM  tests  on  JP-S  the  size 
(diameter)  and  color  of  the  stain  on  the  WSIM  disks  was 
recorded.  Mean  size  and  color  ratings  for  clay-treated  JP-5  of 
three  different  batches  are  given  in  Table  20. 

None  of  the  fuel  batches  exhibited  either  mean 
WSIM  stain  size  or  stain  color  that  was  significantly  different 
from  either  of  the  other  two  batches. 


TABLE  17.  PRE-TEST  WSIM  DATA  FOR 
JP-4  FUEL  BLENDS 


Pre-tei 

WSIM 

Fuel  blend 

No.  of 

measurements 

Mean 

SD 

JP-4 

2 

100.0 

0 

JP-4  +  0.15%  FSII 

3 

93.7 

9.29 

JP-4  +  1 .0  mg It  ASA  +  0. 1 0%  FSII 
JP-4  +  4  Ib/Mbbl  AFA  +  1 .0  mg/S 

3 

91.0 

5.57 

ASA  +  0.10%  FSII 

3 

72.0 

6.73 

WSIM  disk  stain  size  and  color  rating  data  for  pre¬ 
test  and  post-test  measurements  on  a  variety  of  JP-5  fuel 
blends  are  given  in  Table  21.  Considering  first  the  results  from 
tests  involving  JP-5  which  had  not  been  clay-treated,  there  is 
considerable  variation  in  both  the  mean  stain  size  and  color 
rating  for  the  various  fuel  blends.  The  limited  number  of 
replicate  tests  precludes  any  attempt  to  de<  „  t  significant  dif¬ 
ferences  in  the  WSIM-disk  staining  characteristics  of  the  fuel 
blends. 


Results  from  tests  on  clay-treated  JP-5  are  given  in 
the  lower  half  of  Table  21.  The  level  of  both  stain  and 


TABLE  18.  POST-CLAY  TREATMENT  WSIM 
DATA  FOR  JP-5  FUEL  BATCHES 


Fuel 

batch 

Post -clay  WSIM 

No.  of 

tests* 

Mean 

SD 

23 

33 

96.5 

2.31 

24 

49 

96  4 

2.47 

25 

16 

984 

1.86 

•  Include*  only  tots  in  which  port-clay  treatment  WSIM  measure¬ 
ments  were  taken. 


TABLE  19.  PRE-TEST  AND  POST-TEST  WSIM  DATA 
FOR  JP-5  FUEL  BLENDS 


Corr 

inhib 

Concn, 

Ib/Mbbl 

FSII, 
vol  % 

Pre-test  WSIM 

Post  test  WSIM 

No.  of 

Measurements 

Mean 

SD 

Procedure 

No.  of 

Measurements 

Mean 

SD 

Untrceied  JP-5 

none 

0.00 

2 

83.5 

12.0 

r  ... 

none 

0.1  s 

6 

87.0 

6.0 

— 

Snt 

0.15 

4 

71  2 

7.S» 

.... 

Snt 

16 

oon 

3 

71.7 

13  0 

Snl 

mm 

0.15 

14 

71.1 

*  7 

AFA 

0.10 

5 

42  : 

X  6 

AFA 

mm* 

0.15 

4 

62  2 

4  5 

AFA 

16 

015 

21 

60  » 

10.0 

Tol 

20 

0.15 

4 

10  0 

1.8 

l.ubr 

:o 

0  15 

t 

42  } 

i  ’ 

RP 

:o 

0  15 

IK 

42  } 

K  U 

tDS 

us 

0.15 

4 

!  1  0 

00.8 

I'm 

u 

0  IS 

5*J  fi 

12  ! 

l'"1 

20 

01 

_ _ 

:i  i 

6  .1 

( kn  treated  JP  5 

none 

0  00 

■i  *  \ 

2  l 

■ 

MJ 

76 : 

8  6 

Snl 

lf» 

O  15 

20 

2  6 

H  i 

15  A 

|7 

?  >  "6 

7  6 

Sni 

16 

0  15 

UP 

\ 

\ 

2  \ 

AFA 

10 

0  15 

4 

71  H 

'  6 

• 

4 

H4  5 

')  5 

AFA 

in 

0  15 

2 1 

7)  K 

8  5 

1  1  A 

2  1 

M  1 

■i  >J 

l.ubf 

20 

0.1' 

25 

t»5  6 

50  9 

1  '  A 

2> 

M  U 

't  S 

RP 

20 

0.15 

tj 

M.H 

X  O 

1 5  A 

H 

66  5 

10  1 

Uni 

20 

0  15 

1  ' 

14  7 

1  5 

1  IA 

\ 

ts  7 

4  " 

•Modified  M0I8  Inhibit*!  fuel  to; 

.*7 


TABLE  20.  WSIM  DISK  STAIN  SIZE  AND  stain  color  for  tests  on  clay-treated 

COLOR  FOR  CLAY-TREATED  JP-5  JP-5  are  much  less  than  corre¬ 

sponding  values  for  tests  on  un¬ 
treated  .TP-5.  These  results  con¬ 
clusively  demonstrate  that  clay 
treating  removes  some  stain-pro¬ 
ducing  constituents  from  the  fuel. 
Wear  debris  from  the  separometer 
pump  is  another  source  of  staining. 
The  amount  of  staining  caused  by 
wear  debris  will  tend  to  decrease 
with  increased  lubricity  of  the  fuel. 
The  lesser  staining  propensity  of 
the  clay-treated  fuel  implies  that 
lack  of  lubricity  is  not  the  sole 
factor  contributing  to  staining,  for  if  it  were,  clay-treated  fuel  would  produce  as  much  stain  as  untreated  fuel. 
However,  in  some  cases,  lack  of  lubricity  may  be  a  significant  factor  in  stain  production.  For  example,  both 
stain  size  and  color  are  significantly  less  for  fuel  blends  containing  Lubrizol  541  than  for  fuel  blends 
containing  either  Santolene  C  or  AFA-1.  These  differences  may  be  attributable  to  differences  in  either 
lubricity  or  concentration  of  stain-producing  constituents  as  effected  by  the  different  corrosion  inhibitors. 


JP-5  batch  r\o. 

WSIM  disk  stain  diameter, 
16th  in. 

WSIM  disk  stain 
color* 

No.  of  tests 

Mean 

SD 

No.  of  tests 

Mean 

SD 

23 

33 

3.2 

2.7 

33 

0.9 

0.8 

24 

47 

3.6 

2.5 

47 

1.1 

0.8 

25 

15 

2.7 

2.8 

15 

0.7 

0.8 

•Color  rating  scale:  0  =  none;  !  =  light;  2  =  medium;  3  =  dark. 


TABLE  21.  WSIM  DISK  STAIN  DATA  FOR  JP-5  FUEL  BLENDS 


|  JP-5  fuel  blend 

No. 

of 

tests 

Pre-test  WSI 

M  disk  stain, 

No. 

of 

tests 

Procedure 

Post-test  WSIM  disk  stain. 

Diameter, 
16th  in. 

■ 

■39991 

Diameter, 
16th  in. 

mmmm 

KK9I 

Corr 

inhib 

Concn, 

Ib/Mbb! 

FSII, 

% 

Mean 

SD 

Mean 

SD 

Mean 

SD 

Mean 

SD 

Untreated  JP-5 

Snt 

4 

Eaa 

3 

6.7 

1.1 

1.7 

0.6 

— 

-  • 

— 

— 

— 

... 

Snt 

16 

EH 

7 

6.4 

1.6 

2.1 

0.4 

— 

— 

... 

... 

AFA 

4 

0.10 

5 

5.8 

0.4 

••• 

... 

... 

AFA 

4 

0.15 

3 

6.0 

0 

... 

— 

... 

AFA 

16 

0.15 

6 

4.7 

1.7 

1.0 

— 

... 

... 

RP 

20 

0.15 

6 

3.3 

1.2 

1.0 

0 

— 

... 

... 

Uni 

9 

0.15 

4 

7.2 

1.0 

1.0 

0 

- 

... 

... 

Uni 

20 

0.15 

4 

3.8 

0.8 

0.5 

... 

... 

... 

Clay -treated  JP-5 

Snt 

16 

0.15 

28 

1.9 

0.6 

0.9 

19 

mm 

BJEI 

0.8 

0.7 

ra 

13J 

WM 

0 

0 

0 

AFA 

0.15 

4 

1.0 

2.0 

0.2 

H 

8901 Bf 

0 

0 

— 

— 

AFA 

16 

0.15 

23 

2.1 

2.0 

0.6 

Wm 

13A 

mm 

0.2 

0.4 

Lubr 

0.15 

25 

1.3 

0.1  - 

0.3 

ra 

13A 

mm 

0.2 

0.5 

RP 

20 

0.15 

9 

1.2- 

1.4 

0.8 

1.0 

8 

13A 

0.5 

llifl 

0.2 

0.5 

Uni 

20 

0.15 

3 

1.3 

0.3 

0.6 

13A 

0 

o  , 

0 

0 

•Rating  scale:  0  =  none,  i  -  light,  2  "  medium,  3  *  dark. 
^Modified  890111  inhibited  fuel  test. 
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Results  in  Table  21  also  suggest  that,  during  the  course  of  a  given  filter-separator  test  the  stain- 
producing  tendency  of  the  fuel  was  decreased,  as  evidenced  by  generally  lower  color  ratings  and  stain  sizes  for 
post-test  WSIM  disks  than  for  pre  test  WSIM  disks.  This  reduction  in  staining  could  very  well  be  attributed  to  the 
removal  of  stain-producing  constituents  either  by 
entrainment  in  the  coalesced  water  or  by  retention 
in  the  filter-separator  element. 

Post-clay  treatment  IFT  data  for  JP-5 
fuel  of  three  different  batches  are  given  in  Table 
22.  Batch  23  had  a  mean  IFT  value  which  is  sig¬ 
nificantly  less  than  that  of  either  batch  24  or  25. 

A  greater  difference  in  means  would  occur  by 
chance  in  less  than  1%  of  an  infinite  number  of. 
samplings. 

In  Table  23,  pre-test  IFT  data  for  JI  4 
fuel  blends,  JP-5  fuel  blends,  and  clay-treated  JP-5 
fuel  blends  are  given  along  with  post-test  IFT  data 

TABLE  23.  PRE-TEST  AND  POST-TEST  IFT  DATA  FOR  JP-4  AND  JP-5  FUEL  BLENDS 


Fuel  blend* 


Pre-test  IFT,  dyn/cm 


Corr 

inhib 

Concn, 

lb/Mbbl 

FSII, 
vol  % 

No.  of 
tests 

Untreated 

... 

0.10 

3 

ESI 

4 

0.15 

3 

KIXSfl 

4 

0.10 

3 

none 

— 

0.15 

6 

Snt 

4 

0.15 

4 

Snt 

16 

0.00 

4 

Snt 

16 

0.15 

34 

AFA 

4 

0.10 

5 

AFA 

4 

0.15 

4 

AFA 

16 

0.15 

21 

Tol 

20 

0.15 

4 

Lubr 

20 

0.15 

3 

RP 

20 

0.15 

18 

EDS 

14.5 

0.15 

4 

Uni 

9 

0.15 

5 

Uni 

20 

0.15 

7 

Gay-treated 


Snt 

16 

0.15 

AFA 

10 

0.15 

AFA 

16 

0.15 

Lubr 

20 

0.15 

RP 

20 

0.15 

Uni 

20 

0.15 

Procedure 


Post-test  IFT,  dyn/cm 


‘dean 


36.1 

WSM 

13A 

13J 

13P 

24.8 

0.5 

8901 B** 

22.4 

0.9 

13A 

25.6 

1.6 

13A 

26.8 

1.2 

13A 

23.7 

3.1 

--- 

*JP-£  unless  otherwise  indicated. 

fJP-4  fuel  blend,  also  included  1.0  mc/?ASA. 

JJP-4  fuel  blend. 


•♦Modified  8901 B  inhibited  fuel  test. 


for  several  JP-5  blends.  The  results  indicate  that  there  is  no  significant  difference  between  1FT  levels  for  fuel-corro¬ 
sion  inhibitor  blends  made  with  clay-treated  or  untreated  JP-5.  As  would  be  expected,  1FT  decreased  with  increased 
corrosion  inhibitor  concentration  for  all  the  corrosion  inhibitors  which  were  used. 

Both  pre-test  and  post  test  IFT  measurements  were  made  on  only  six  fuel  blends.  In  the  case  of  one  fuel 
blend,  clay-treated  JP-5  +  16  Ib/Mbbl  Santolene  C  +  0.15%  FSH,  post-test  IFT  measurements  include  those  from 
tests  run  according  to  three  different  procedures,  thus  making  eight  groups  of  post-test  IFT  measurements.  In  six  of 
Che  eight  groups,  the  mean  post-test  IFT  is  greater  than  the  mean  pre-test  IFT.  This  suggests,  but  not  conclusively, 
that  the  coalesced  water  removes  some  fuel  constituents  to  effect  an  increase  in  IFT. 

b.  Variation  in  Fuel  Quality  Parameters  with  Water  Washing 


Almost  all  of  the  test  procedures  used  in  this  work  included  injecting  water  into  the  fuel  at  one  time  or 
another  during  the  test.  Virtually  all  of  this  water  is  removed  by  the  test  filter-separator  element  which  is  con¬ 
sequently  well  permeated  with  water.  Thus,  the  fuel  passing  through  the  element  comes  into  contact  with  large 
surface  areas  of  water,  in  addition  to  the  extensive  water-fuel  contact  occasioned  by  the  mixing  screen  and  the 
turbulent  flow  in  the  line  up  to  the  test  filter-separator  housing.  The  removal  of  water-soluble  fuel  constituents  by 
the  coalesced  water  could  very  possibly  affect  fuel  composition  or  fuel  quality  parameters  as  follows:  FSII  concen¬ 
tration,  poet-test  IFT,  and  post-test  WSIM  and  related  measurements,  WSIM  stain  color,  and  size. 

There  appears  to  be  a  negative  correlation  between  FSII  concentration  and  the  amount  of  water  to 
which  the  fuel  has  been  exposed  during  a  test.  Regression  and  correlation  calculations  were  performed  using  fuel 
washing  (total  amount  of  injected  water)  as  the  independent  variable  and  FSII  content  as  the  dependent  variable. 
Results  of  these  calculations  are  shown  in  Table  24.  The  greater  solubility  of  FSII  in  water  than  in  fuel  would  be 
expected  to  result  in  the  removal  of  FSII  along  with  the  coalesced  water.  In  five  out  of  seven  groups  of  tests,  there 
was  a  significant  negative  correlation  between  post-test  FSII  concentration  and  water  washing.  The  two  cases  of 
positive  correlation  are  not  significant.  The  overall  degree  of  negative  correlation  is  probably  as  good  as  can  be 
expected,  since  the  theoretical  equation  for  FSII  extraction  in  a  closed-loop  system  is  logarithmic  rather  than  linear 


TABLE  24.  EFFECT  OF  V/ATER  WASHING  ON  POST-TEST 
FSII  CONCENTRATION 


(Fuel:  JP-5 1 


Additives 

No,  of 
tests 

. 

Regression  equation* 

Corn 

coef 

Nation  i 

Icient 

Sigrsif 
level,  % 

Untreated 

16  Ib/Mbbl  Snt  + 0.15%  FSII 

23 

Y  =  0  0005X  +  0.01 

0.19 

>10 

20  ib/Mbbl  Lubr  + 0.(5%  FSII 

5 

Y  =  -0.44X  +  0.1 1 

-0.99 

<0.1 

1 

|  Clay -treated 

16  Ib/Mbbl  Snt +  0.15%  FSII 

Y  ^  -0.002X  +  0.09 

gPtj 

H£3sn| 

10  Ib/Mbbl  AFA  +  0.15%  FSII 

mm 

Y  = -0.001  X  + 0.05 

Brail 

1 6  Ib/Mbbl  AFA +  0.15%  FSII 

Y  =  -0.010X  +  0.13 

-0.68 

s^sn 

20  Ib/Mbbl  Lubr  + 0.15%  FSII 

Y  =  -0.01  OX  +  0.14 

-0.54 

1.0 

20  Ib/Mbbl  RP  +  0.1 5%  FSII 

mm 

Y  =  0.002X  +  0.08 

0.03 

>10 

#Y  a  FSII  concentration;  X  *  Fuel  washing.  J 
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and  includes  the  water  injection  ratio  as  well  as  the  total  amount  of  water  injected.  For  this  600-gal  system, 
assuming  100%  extraction  efficiency,  a  coefficient  of  200  for  distribution  of  FSII  between  water  and  fuel  phases, 
and  uniform  FSil  concentration  in  the  supply  tank,  the  equation  is 


where 


logC/C0  = 


-W 

6.9(1  +  200  R) 


C  =  final  concentration  of  FSII 


Cc  =  initial  concentration  of  FSII 
W  =  total  water  injected,  gal 
R  =  injection  ratio  (water/fuel  rate  nil  o) 

The  validity  of  this  theoretical  equation  has  been  confirmed  for  specific  cases,  but  no  statistical  tests 
have  been  made. 


There  appeals  to  be  slight  correlation  between  post-test  IFT  and  water  washing.  Although  five  out  of 
seven  correlations  are  positive  (see  Table  25),  only  two  are  statistically  significant. 

Post-test  WSIM  appears  to  increase  with  increased  water  washing,  as  evidenced  by  five  positive  cor¬ 
relation  coefficients  (four  of  which  are  statistically  significant)  out  of  seven,  as  shown  in  Table  26. 


There  appears  to  be  no  significant  correlation  between  either  WSIM  stain  color  and  size  and  v/iter 
washing,  see  Tables  27  and  28. 


i 

TABLE  25.  EFFECT  OF  WATER  WASHING  ON  POST-TEST  IFT 


(Fuel:  JP-5) 


Correlation 

Additives 

No.  of 

Regression  equation* 

coef 

'icient 

tests 

Value 

_ 

Signif 

level,  % 

_ 

Untreated 

Pt  L 

Y  =  0.20X  +  39.8 

0.15 

EM 

PtCr 

n 

Y  =  — 0.75X  +  46.6 

-0.44 

mm 

NA-1 

■9 

Y  =  -0.26X  +  53.9 

-0.79 

mm 

C  ty-treated 

16  Ib/mbbl  Snt  +  0.15%  FSII 

29 

Y  =  0.1 2X  +  37.1 

0.41 

■Bl 

10  lb/Mbbl  AFA  +  (j;1  5%  FSII 

4 

Y  =  0.06X  +  24.5 

0.56 

16  Ib/Mbb!  AFA +  0.1 5%  FSII 

23 

Y  =  0.49X  +  2!  .0 

0.45 

Wm 

20  lb/Mbbl  Lubr  +  0.15%  FSII 

25 

Y  =  0.63X  +  25.8 

0.25 

£  ■ 

*Y  “  Post-test  IFT;  X  ■  Water  washing. 

41 


TABLE  26.  EFFECT  OF  WATER  WASHING  ON  POST-TEST  WSIM 

(Fuel:  JP-S! 


Advli  lives 

No.  of 

tests 

Regression  equation* 

Correlation 

coefficient 

Value 

Sigml 
level,  'i 

Untreated 

Pt  L 

5 

Y  -  0.1  OX  >  4V.5 

0.X0 

2-5 

Pt  CK 

8 

Y  •  0..IXX  +  67.5 

o.xo 

1-2 

N.VI 

4 

Y  =  0.50X  +  64.1 

0.67 

>10 

day-treated 

■raiMiaaMinroniMttM 

2‘) 

Y*  0.4'i Jt 

m&xm 

2+5 

10  Ib/Mbbl  AFA  ♦  0.15', 1 1.  FS1I 

4 

Y- 0.1  XX +  45.0 

0.1  1 

In  Ib/Mbbl  AFA  *0.15%  FSI1 

23 

Y  =  -  0.46X  ♦  87.1 

EMI 

5-10 

20  Ib/Mbbl  Lobf  ♦  0.15%  FS1I 

25 

Y  -  -0.64X  +  70,0 

-0.40 

5 

•Y  •  IViMnt  WSIM.  X  *  Wjlti  waihlnfr 


TABLE  27.  EFFECT  OF  WATER  WASHING  ON 
POST-TEST  WSIM  STAIN  COLOR 

(Fuel:  JP-5) 


Additives 

No.  of 
tests 

Regression  equation* 

Correlation 

coefficient 

Value 

Signif 
level.  % 

( 'iitreowJ 

Pt  C  R 

u 

Y  »  0.0.1X  +  0.*>6 

KKjl 

>10 

NA-I 

■  1 

Y-  -0.1  OX  ♦  0.02 

ESI 

>10 

Clay-lrivlrit 

16  Ib/Mbbl  Sm  +  0.lj%  FSII 

mu 

Y  -  0.1 5X  +  0.47 

El 

16  Ib/Mbbl  AFA  ♦0.15%  FSII 

El 

Y-0.07X  0.61 

BI 

20  Ib/Mbbl  Lubr  ♦  0.1 5%  FSII 

El 

Y*  -0.I7X  +  0.5X 

El 

20  Ib/Mbbl  KP  *  0.1 5%  FSII 

El 

Y*  -0.S*>X  +  0.22 

-  0..1.1 

E9 

•V  ■  Pwl  lcii  WSIM  stain  color,  X  ■  Witer  washing. 


TABLE  28.  EFFECT  OF  WATER  WASHING  ON  POST-TEST 
WSIM  STAIN  SIZE 


(Fuel:  JP-5 1 


Additives 

No.  of 

tests 

Regression  equation* 

Correlation 

coefficient 

Value 

Signif 
level.  % 

Untreated 

Pick 

H  | 

Y  *  0,5 1 X  ♦  J.*>0 

0.55 

>10 

NA-I 

4 

Y  *  0.67X  ♦  4.05 

0.07 

2-5 

Oav-tmUrd 

16  Ib/Mbbl  Snt  ♦  0.15%  FSII 

2V 

j  Y-0.I2X+  l.5«i  [ 

■a 

16  Ib/Mbbl  AFA  ♦  0.|5%FSII 

23 

20  Ib/Mbbl  I.uhr  *  0.15%  FSII 

sm 

20  Ib/Mbbl  RP  ►  0. 1 5%  FSII 

mm 

Y  -  0.002 X  +  0.0X 

fa 

mm 

*Y  *  Pmi-tcst  WSIM  sum  sl/e,  X  •  Water  washing. 


c.  Correlation  Between  Fuel  Quality  Parameters  and  Element  Performance  Parameters 


Knowledge  of  the  correlation  between  fuel  quality  parameters,  WS1M  and  1FT,  and  the  various  param¬ 
eters  of  element  performance  would  prove  very  useful  for  predicting  performance  of  filter-separator  elements  both 
in  testing  and  in  field  applications.  Relations  between 


the  fuel  quality  and  element  performance  parameters 
were  sought  by  means  of  regression  and  correlation 
calculations  on  groups  of  tests  on  JP-S  fuel;  each 
group  consisted  of  tests  having  the  same  corrosion 
inhibitor  corrosion  inhibitor  concentration,  and  FSII 
concentration,  and  were  run  on  the  same  lot  of 
elements;  see  Table  29. 


TABLE  29.  FUEL  BLENDS  AND  ELEMENTS  USED 
IN  CALCULATING  CORRELATIONS  BE¬ 
TWEEN  WSIM  AND  ELEMENT  PER¬ 
FORMANCE  PARAMETERS 

(Fuel:  JP-S}* 


The  results  of  these  calculations  are 
rather  surprising.  Correlation  was  generally  poor,  and, 
where  slight  correlation  was  suggested,  thr  correlation 
was  in  nearly  all  cases  of  opposite  sign  to  what  would 
be  logically  expected.  The  overall  implication  of  these 
calculations  is  summarized  in  Table  30.  The  extent  of 
correlation  was  assigned  on  the  following  basis:  slight 
positive  correlation  where  1 1  or  more  of  the  19  cor¬ 
relation  coefficients  were  positive,  slight  negative  cor¬ 
relation  where  1 1  or  more  cf  the  correlation  coeffi¬ 
cients  were  negative,  ana  no  correlation  in  cases 
where  less  than  1 1  correlation  coefficients  had  the 
same  sign. 

The  implied  correlations  between  pre-test 
WSIM  and  the  nine  performance  parameters  in  Taole 
30  is  in  every  case  opposite  to  what  would  be 
expected.  For  example,  if  the  WSIM  is  an  indicator  of 
fuel  performance  in  filter-separators,  the  percent  dirt 
load  at  20  and  at  40  psi  would  be  expected  to 
increase  with  increasing  pre-test  WSIM,  and  the 
remaining  performance  parameters  should  decrease 
with  increasing  WSIM.  However,  all  implied  correla¬ 
tions  were  of  the  opposite  sign.  Much  the  same  situa¬ 
tion  exists  for  correlations  between  pre-test  IFT  and 
performance  parameters  for  these  groups  of  tests, 
except  that  in  five  cases  no  correlation  was  indicated. 

The  slight  extent  of  correlation  indicated 
by  the  foregoing  calculations  is  best  illustrated  by  the 
calculated  results  shown  in  Table  31  for  the  combina¬ 
tion  of  pre-test  WSIM  vs  average  Totanutor,  which 
exhibited  the  besi  ovetall  correlation  In  most  ewes, 
the  correlation  coefficient*  are  no?  Jusmficant  e-cn  at 
the  tCK*  level  The  few  cases  in  which  high  levels  of 
significance  were  indicated  may  be  fortuitous,  since 
there  ar  both  positive  and  negative  statistically  stgnift 
cant  cot  •Utiom.  also,  there  are  cases  where  both  pow 
rive  anu  negative  correlations  were  obtained  for  the 
same  fuel  Wends,  such  as  clay  treated  fuel  contain-:.* 
16  Ih.Mbb!  Santolenc  C  tested  with  different  '•'\rsent 
lot* 


Con 

Concn, 

FSli, 

Element 

No.tf 

inhib 

lb/Mbbl 

% 

Tati 

Untreated 

Sirtt 

16 

F12S6 

15 

Sr  ft 

16 

0.15 

FI  440 

9 

AFA 

4 

0.10 

FI  465 

5 

RP 

20 

0.1  s 

FI  465 

4 

'Jay-mated 

Snt 

16 

0.15 

FI  465 

5 

Silt 

16 

0.15 

Fr 

4 

Snt 

16 

0.15 

Bn 

4 

Snl 

16 

0.15 

Bw 

4 

AFA 

16 

0.15 

FI  465 

9 

AFA 

16 

0.15 

Fr 

4 

AFA 

16 

0.15 

Bn 

4 

AFA 

16 

0.15 

Bw 

4 

Lub! 

20 

0.15 

FI  465 

7 

I.ubr 

20 

0.15 

FICS 

4 

’-obi 

20 

0.15 

Fr 

4 

lubr 

20 

0.15 

Bn 

A 

Luhr 

20 

0.15 

Bw 

4 

RP 

20 

0.15 

FI  465 

9 

Snt  t 

16 

0.1? 

FI  4*5 

5 

[  *Teited  iccottfeinf  lo  Procedure  13-A,  untea  othurwne  noted 

t  Procedure  10 

j  Procedure  I3-J 

TABLE  30.  CORRELATIONS  BETWEEN  PRE-TEST 
WSIM  AND  IFT  AND  ELEMENT  PER 
FvfRMANCE  PARAMETERS 


Ptf  far  minct 

.  - 

h  clem  of 

‘iXftUtkMIJ* 

Kt-Uit 

WSIM 

Prerevi 

IFT 

fcJenvfU  *******  fiui 

l  Dill  1  «*-d  4<  »  0  P*t 

12 

%  lArt  Had  40  pt* 

o 

A**tp|*  AH  rituig 

♦ 

• 

AF  l  T»ltn| 

» 

* 

A**U§* 

0 

. 

A*tr**e  TvNlfftLir 

* 

17 

Wirt  imam  f  *4*4  to* 

• 

* 

••  -  - . — — .  •  ■  -•  -  '■  i 

*0  --<?  •  isw-tee -a**-: 

aituhet  -~?1w4at?oe« 


4  i 


TABLE  31 .  PRE-TEST  WS1M  VS  AVERAGE  TOTAM1TOR  READING 


(Fuel:  JP-5)* 


Corr 

inhib 

Concn, 

Ib/Mbbl 

FS1I, 
vol  % 

Element 

Identification 

_ 

No.  of 
tests 

Correlation  Coefficient 

Value 

_ 

Signif  level,  % 

Untreated 

Sntt 

16 

mm 

FI  286 

mm 

0.06 

>10 

Sntf 

16 

in 

FI  440 

wm 

— 

— 

AFA 

4 

0.10 

FI  465 

0.96 

1 

RP 

20 

0.15 

FI  465 

H 

0.90 

10 

Gay-treated 

16 

0.15 

FI  465 

5 

>10 

is 

16 

0.15 

Fr 

4 

>10 

Snt 

16 

0.15 

Bn 

4 

HI 

— 

Snt 

16 

0.15 

Bw 

4 

0.82 

>10 

AFA 

16 

0.15 

FI  465 

9 

0.25 

>10 

AFA 

16 

0.15 

Fr 

4 

0.85 

>10 

AFA 

16 

0.15 

Bn 

4 

— 

— 

AFA 

16 

0.15 

Bw 

4 

0.28 

>10 

Lubr 

20 

0.15 

FI  465 

7 

-0.85 

1-2 

Lubr 

20 

0.15 

FI  GS 

4 

0.57 

>10 

Lubr 

20 

0.15 

Fr 

4 

0.52 

>10 

Lubr 

20 

0.15 

Bn 

4 

0.63 

>10 

Lubr 

20 

0.15 

Bw 

4 

0.18 

>10 

RP 

20 

0.15 

FI  465 

9 

-0.17 

>10 

SntJ 

16 

0.15 

F!  465 

5 

0.00 

>10 

•Tested  according  to  Procedure  13-A  unless  otherwise  noted, 
t  Procedure  10. 
t  Procedure  1 3-J 

These  disappointing  results  confirm  earlier,  qualitative  observations  that  fuel  WSIM  or  IFT  cannot  be  used 
for  reliable  predictions  of  the  fuel'.-  performance  in  filter  separators.  This  conclusion  is  subject  to  certain  limitations  in 
the  statistical  analysis;  including  (1)  limited  range  of  values  of  one  or  both  parameters  in  many  cases,  (2)  limited 
amount  of  data,  and  (3)  scatter  induced  by  variations  in  test  conditions  and  materials.  Nevertheless,  the  results  of 
the  analysis  indicate  rather  strongly  that  further  attempts  at  such  correlations  are  unlikely  to  succeed  and  instead 
efforts  should  be  directed  toward  development  of  entirely  different  test  methods  for  correlative  purposes. 

Correlation  for  some  of  the  same  combinations  of  parameters  was  next  sought  using  tests  grouped  only 
with  respect  to  fuel  (JP-4  or  JP-5)  and  test  procedure.  Correlation  of  WSIM  with  four  element  performance 
parameters  is  shown  in  Table  32;  now,  the  implied  correlations  are  in  nearly  all  cases  of  the  same  sign  as  would  be 
expected.  Correlation  coefficients  are  generally  not  statistically  significant.  The  plots  of  the  regression  lines  in  those 
cases  where  correlation  is  significant  show  general  tren  ds  but  should  not  be  considered  as  highly  quantitative.  Using 
the  same  groups  of  tests,  correlation  between  IFT  and  the  same  four  element  performance  parameters  was  better 
than  obtained  in  the  more  restrictive  test  groupings  (see  Table  33). 

Plots  of  regression  lines  for  five  different  fuel-procedure  combinations  are  shown  in  Figure  4.  In  all  cases, 
percent  dirt  load  at  40  psi  increased  with  pre  test  WSIM.  Because  of  the  wide  variety  of  additives  and  filter-separator 
element  lots  used  in  these  tests,  it  would  not  be  advisable  to  use  these  plots  for  quantitative  prediction  purposes. 

An  interesting  set  ot  plots  is  obtained  when  the  regression  lines  for  average  solids  content  vs  pre¬ 
test  WSIM  are  plotted  (see  Figtue  5).  Regression  lines  are  shown  for  tests  run  by  different  procedures  on  JP4  and 
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TABLE  32.  CORRELATION  BETWEEN  PRE-TEST  WSIM  AND 
ELEMENT  PERFORMANCE  PARAMETERS 


Fuel 

Procedure 

Correlation  coefficient  between  pre-test  WSIM  and  indicated  parameter 

%  dirt  at 

40  psi 

Avg  AEL  rating, 

mg/e 

Avg  solids 
content,  mg/e 

Avg 

Totamitor 

Value 

Value 

Sign  if 
level,  % 

Value 

Kjggm 

Value 

Kfflfflgg 

c 

Un  tree  ted 

JP-4 

10 

16 

<0.1 

0.23 

>10 

0.01 

>10 

-0.10 

W2JM 

JP-4 

13-A 

8 

0.69 

5-10 

0.75 

2-5 

0.67 

5-10 

0.17 

11 

JP-5 

V 

6 

— 

— 

0.91 

1-2 

0.32 

>10 

0.75 

ISIS 

J  P-5 

37 

0.03 

>10 

0.69 

<0.1 

0.36 

2-5 

0.65 

JP-5 

13-N 

10 

0.20 

>10 

0.15 

>10 

0.36 

>10 

0.20 

>10 

JP-5 

13-0 

10 

0.23 

>10 

0.04 

>10 

0.42 

>10 

0.24 

>10 

JP-5 

14- A 

5 

0.32 

>10 

0.04 

_ 

>10 

0.67 

>10 

0.76 

>10 

Clay-treated 

ia 

Mltfl 

<0.1 

mi 

>10 

0.18 

5-10 

0.28 

0.1-1 

H9 

■ 

■m 

2-5 

mSm 

2-5 

-0.47 

0.1-1 

0.54 

0.1-1 

JP-5 

■El 

8 

0.65 

5-10 

m 

>10 

0.72 

2-5 

f  18 

>10 

‘Modified  8901 B  inhibited  fuel  test. 


TABLE  33.  CORRELATION  BETWEEN  PRE-TEST  I  FT  AND 
ELEMENT  PERFORMANCE  PARAMETERS 


JP-5  fuels  containing  a  number  of  different  addi¬ 
tives.  Again,  because  of  the  diversity  in  fuel  blends 
and  elements,  little  quantitative  significance  can  be 
ascribed  to  these  plots.  However,  the  locations  and 
slopes  of  the  lines  are  consistent  with  the  differences 
in  particle  size  of  the  contaminants  and  the  differences 
in  procedures.  The  coarsest  contaminant  (coarse  AC 
dust)  is  used  in  Procedures  10  rad  1 3-A.  Results  from 
tests  run  according  to  these  procedures  show  that,  over  a 
wide  range  of  WSIM  values,  average  effluent  solids  con¬ 
tents  are  generally  well  below  those  of  tests  run  using 
finer  contaminants,  fine  AC  dust  (Procedure  13-J)and 
ground  iron  ore  (Procedure  1 3-P).  It  is  interesting  that 
the  regression  lines  for  Procedure  1 3-A  run  with  either 
JP4  or  JP-5  are  nearly  coincident.  The  much  lower 
average  effluent  solids  contents  in  the  Procedure  10  tests 
may  be  the  result  of  the  diffe'ences  between  that  pro¬ 
cedure  anti  the  other  three  procedures.  In  Procedure  10, 
the  elements  are  subjected  to  extensive  water  washing 
before  solids  injection  is  started.  In  the  other  three  pro¬ 
cedures,  the  test  element  is  loaded  with  solids  before  any 
large  amount  of  water  is  injected.  These  three  proce¬ 
dures  are  identical  except  for  the  solid  contaminant.  The 
fineness  of  the  contaminant  gave  a  regular  effect  on  the 
WSIM-solids  relationship:  (1)  the  finest  material  (fine 
AC  dust.  Procedure  13-J)  gave  the  greatest  slope  of  the 
solids/WSIM  line,  (2)  the  coarsest  material  (coarse  AC 
dust.  Procedure  13-A)  gave  the  smallest  slope,  and  (3) 
the  ground  iron  ore  (P’.ocedure  1 3-P)  gave  an  inter¬ 
mediate  slope.  Thus,  there  is  a  regular  relationship 
between  contaminant  particle  size  and  the  contaminant’s 
tendency  to  pass  through  a  filter-separator  when  the  fuel 
quality  is  poor. 


FIGURE  4.  PERCENT  DIRT  LOAD  AT  40  PSI 
VS  PRE-TEST  WSIM 


Although  positive  correlation  between  WSIM 

and  IF  I  measurements  is  plausible,  no  significant  cor-  FIGURE  5.  AVERAGE  EFFLUENT  SOLIDS 

relation  was  indicated  by  the  values  of  calculated  cor-  CONTENT  VS  PRE-TEM  WSIM 

relation  coefficients  using  either  pre-test  or  post  test 

samples  (see  Tables  34  and  35).  Comparable  numbers  of  positive  and  negative  correlation  coefficients  were  obtained, 
and  m  only  a  few  cases  were  the  correlation  coefficients  great  enough  to  imply  statistical  significance.  In  every  case, 
the  high  levels  of  significance  occurred  for  groups  of  five  or  less  tests.  It  is  very  possible  that  the  high  levels  of 
significance  ate  fortuitous.  The  lack  of  correlation  probably  results  from  the  small  range  of  WSIM  and  1FT  values 
associated  with  c  h  group  of  tests. 


The  ranges  of  both  WSIM  and  lr  T  values  can  be  greatly  increased  by  adding  lo  each  group  the 
measurements  from  uninhibited  fuel  tests.  Results  of  calculations  on  these  regroupings  arc  shown  in  Table  Mi 
Using  the  relaxed  test  conditions,  positive  correlation  coefficients  were  obtained  for  all  nine  groups  of  tests 
given.  Also,  in  seven  cases,  the  correlation  coefficients  are  significant  at  better  than  the  1'3  level  !n  the  other 
three  cases,  level  of  significance  is  worse  than  the  55?  level  It  is  interesting  that  all  the  regression  coefficients 
fall  in  the  range  of  0.1  to  0.4  It  appears  lhal  regression  equations,  not  necessarily  linear,  useful  for  cor 
relating  WSIM  and  (FT  .jlues  could  be  obtained  for  each  fuel-additive  system  by  conducting  replicate  WSIM 
and  If  f  measurements  a!  severai  concentrations  ranging  from  zero  to  the  maximum  allowable  additive 
coiiccnliation. 
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TABLE  34,  CORRELATION  BETWEEN  PRE-TEST  WSIM  AND  PRE-TEST  JFT 


TABLE  35.  CORRELATION  BETWEEN  POST-TEST  WSIM  AND  POST-TEST  I  FT 


TABLE  36.  CORRELATION  BETWEEN  PRE-TEST  WSIM  AND  PRE- 


6.  Clay  Treatment  Effect! 


a.  Effect  on  Fuel  Quality  Parameters 


{ 1 )  Effect  on  WSIM  and  I  FT 


Clay  treatment  caused  an  increase  in  WSIM  of  uninhibited  JP-5  bate  fuel.  Alio,  blends  of  any  one 
of  six  corrosion  inhibitors  in  the  treated  base  fuel  gave  higher  WSIM  values  than  the  corresponding  biends  with 
untreated  base  fuel  This  is  illustrated  in  Table  37.  All  seven  compositions  gave  higher  WSIM  values  With  treated  base 
fuel,  indicating  that  >he  trend  is  highly  significant,  although  some  of  the  individual  differences  are  not  significant. 

Based  on  the  results  given  in  Table  37,  there  was  no  significant  difference  in  IFT  of  fuel  blends 
made  with  clay-treated  or  untreated  JP-5.  IFT  values  of  blends  containing  clay-treated  JP-5  were  higher  than  those 
of  similar  blends  containing  untreated  JP-5  in  three  cases,  less  in  three  cases,  and  the  same  in  one  case. 


Examination  of  post-clay  treatment  WSIM  and  IFT  data  from  successive  runs  on  the  same  clay 
canisters  reveals  that  clay  treating  is  more  effective  in  restoring  WSIM  values  to  a  high  level  than  it  is  in  restoring  IFT 
values,  particularly  after  a  set  of  clay  canisters  has  been  used  to  treat  a  considerable  volume  of  fuel.  Data  illustrating 
this  effect  are  tabulated  below: 


Clay  Treatment 

on  New 

Laiii.48 

_255 

Canisters 

WS]M 

J£X 

1 

100 

45.1 

2 

07 

44.0 

3 

97 

44.2 

4 

98 

39.8 

5 

98 

41.8 

6 

95 

39.8 

7 

97 

38.0 

8 

97 

39.6 

0 

10 

11 

12 

13 

14 

1  s 

16 

Post-Clay  Treatment  WSIM  and 


IfsJiil 

hz2M 

WSIM 

J£I 

WSIM 

i£L 

98 

47.7 

98 

46.9 

98 

49.1 

99 

46.  i 

95 

44.2 

92 

46.2 

97 

45.8 

96 

45.9 

95 

45.8 

95 

45.3 

93 

45.8 

95 

46.3 

90 

44.1 

99 

46.2 

87 

45.4 

98 

46.7 

93 

44.9 

99 

44.1 

97 

44.3 

97 

45.5 

97 

43.9 

97 

45.1 

93 

42.6 

96 

44.6 

99 

44.2 

97 

44.3 

99 

43.4 

94 

43.1 

values 


Tests  2S9 

zM 

Tests  304 

^313 

SS1M 

IFT 

WSIM 

I£I 

98 

46.7 

100 

48.6 

98 

46.3 

96 

45  5 

98 

46.2 

98 

47.4 

96 

45.7 

98 

45.1 

97 

45.3 

96 

44.1 

97 

44.8 

97 

43.4 

97 

44.1 

98 

39.4 

97 

41.8 

99 

34.7 

96 

40.3 

96 

34.3 

95 

38.3 

96 

32.0 

97 

37.0 

98 

44.7 

100 

46.3 

In  all  live  series  of  clay  treatments,  WSIM  values  never  decreased  more  than  8%  from  the  value  measured  after  the 
first  day  treatment  of  fresh  fuel,  using  new  .lay  filter  canisters.  IFT  values,  however,  decreased  8%  to  34%. 


The  scries  of  clay  treatments  starting  with  Test  289  is  particularly  interesting.  WSIM  values 
remained  within  the  range  of  OS  to  UK  during  13  clay  treatments,  but  IFT  values  decreased  sharply  from  46.7  to  a 
low  o!  37.0  alter  the  eleventh  clay  treatment  No  cor  osion  inhibitor  was  added  to  the  fuel  during  the  remaining 
three  tests,  and  post  clay  treatment  IFT  values  increased  from  37.0  to  46.3.  The  three  tests  involved  here  were 
special  tes's  (2‘W,  300A-D,  and  3(H)  involving  extensive  water  injection.  These  results  suggest  that  with  increased 
usage  the  clay  became  less  effective  in  removing  corrosion  inhibitors  and  this  is  reflected  in  decreasing  IFT  values. 
Also,  it  appears  that  repeated  dav  treatment  of  the  fuel,  without  additions  of  corrosion  inhibitor,  removed  these 
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traces  of  corrosion  inhibitor.  It  is  also  quite 
possible  that  the  extensive  water  washing  of  the 
fuel  during  the  tests  preceding  die  last  two  day 
treatments  played  a  role  in  increasing  the  1FT 
values. 


Apar.  from  effects  of  clay 
treating  on  the  levels  of  the  fuel  quality  param¬ 
eters,  it  was  thought  likely  that  clay  treating 
would  affect  the  degree  of  scatter  in  the  data. 
Examination  of  the  standard  deviations  of 
WSIM  and  I  FT  measurements  on  fuel  blends 
made  up  with  both  clay-treated  and  untreated 
JP-5  (see  Table  37)  indicates  no  trend  towards 
either  increasing  or  decreasing  the  standard 
deviation. 


(2)  Effect  on  ESI  I  Concentration 

An  examination  of  FSli  con¬ 
centration  data  indicates  that  day  treatment 
does  remove  FSI1  from  fuel,  especially  when 
the  clay  canister  elements  are  new.  Table  3U 
shows  data  from  all  the  tests  which  were  run 
immediately  after  fresh  fuel  treatment  with 
new  clay  canisters.  The  differences  between 
pre-clay  treatment  FSII  concentrations*,  and 
post-clay  treatment  FSII  concentrations  for  the 
second  through  seventh  use  of  the  canisters 
with  fuel  are  also  shown.  Just  before  day 
treating,  fuel  was  added  to  restore  the  fuel 
volume  to  600  gal.  Since  the  volume  of  makeup 
fuel  was  small  (usually  less  than  30  gal),  it 
would  not  cause  an  appreciable  decrease  in  FSII 
concentration.  The  results  of  the  first  use  of  ihe 
canisters  for  fuel  cleanup  are  not  shown  be¬ 
cause  in  most  cases  the  fuel  treated  was  fresh 
from  3dditive-free  fuel  storage  and  FSII  con¬ 
centration  was  not  determined.  The  data  show 
that  the  clay  canisters  remove  less  FSII  with 
each  succeeding  treatment,  removing  essentially 
no  FSII  after  about  the  sixth  or  seventh  u»e.  By 
statistical  analysis,  the  difference  in  FSII  con¬ 
centration  before  and  after  day  treatment 
ranges  from  significant  for  the  first  treatment, 
to  possibly  significant  for  the  sixth  treatment. 

The  removal  of  FSII  by  day 
treatment  is  by  no  means  complete,  as  is 
believed  to  be  the  case  with  most  commonly 
used  corrosion  inhibitors.  As  can  be  seen  in 
Table  38,  the  average  percent  FSII  removed  from 


TABLE  37.  EFFECT  OF  CLAV  TREATMENT  ON 
QUALITY  PARAMETERS  OF  JP-5  +  VARIOUS 
CORROSION  INHIBITORS 


Corr 

inhib 

Concn, 

Ib/Mbbl 

Fuel* 

WSIM 

IFT 

Mean 

Tests 

SD 

Wtsan 

Tens 

SD 

none 

0 

NT 

87.0 

6 

6.0 

43.8 

6 

1.5 

CT 

97.5 

2 

- 

45.0 

2 

... 

Snt 

16 

NT 

71.1 

34 

<».7 

34.9 

34 

2.'. 

CT 

72  6 

29 

11-1 

36! 

29 

2.2 

AFA 

16 

NT 

60.9 

21 

10.0 

23.3 

21 

1.2 

cr 

71.8 

23 

8.5 

22.4 

23 

0.9 

Tol 

20 

NT 

30.0 

4 

1.8 

25.2 

' 

4 

1.0 

CT 

36.0 

2 

... 

28.5 

... 

Lubr 

20 

NT 

42.3 

3 

3.2 

26.3 

3 

0.6 

CT 

63.6 

25 

10.9 

25.6 

25 

1.6 

RP 

20 

NT 

42.3 

18 

8.9 

27.1 

18 

0.7 

CT 

64.8 

9 

8.9 

26.8 

9 

1.2 

!  Uni 

20 

NT 

31  3 

7 

6.3 

23.7 

7 

5.6 

i _ 

CT 

34.7 

3 

1.5 

23.7 

3 

i.l 

•NT  is  untreated  JP-5;  CT  is  clay-treated  JP-5 


TABLE  38.  EFFECT  OF  CLAY  TREATMENT  ON 
FSII  CONCENTRATION 


Test  no.* 

Change  in  FSII  concentration  with 
successive  clav  treatments 

2nd 

3rd 

4th 

. 

5th 

6th 

7th 

220 

... 

... 

002 

0.02  . 

001 

OIK) 

238 

0.01 

0.01 

0.00 

000 

... 

248 

005 

000 

0.03 

001 

0  00 

0  01 

256 

0.01 

... 

261 

0.05 

0  02 

0  00 

0  00 

0.01 

0.01 

273 

0.01 

0.02 

0  00 

0.01 

0.01 

0  01 

289 

0.06 

003 

0  02 

0.01 

0  01 

0.01 

304 

0  06 

0  01 

001 

0  00 

0  01 

001 

314 

0.00 

0  06 

0.03 

0  01 

0  00 

0  01 

325 

0  02 

0  03 

0.U2 

328 

0.00 

... 

Mean 

_ 

0.023 

0.01  M 

0  010 

J 

0  006 

0  004 

0  OOh 

•First  tent  run  after  installation  uf  new  vUy  ■.  amuers 

fFieh  u«e  involved  treatment  of  a  600-gat  volume \>i  inhibited  tP  *•-  unit) 
WSIM  rating  wa»  V5  or  higher  A  positive  value  ttulu  tics  an  imn-ase  >n  I  Ml 
concentration;  a  negative  value  indicates  a  dec  ri-au 


•Post-test  I  SI  I  concentration  values  from  the  preceding  test  were  used  to  represent  pre-day  treatment  values 
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TABLE  39.  VARIATION  OF  FUEL  COLOR 
IN  SERIES  OF  TESTS  WITH 
CLAY  TREATING 


Test 

no. 

Additive 

C’oncn, 

Fuel  color,  Saybolt 

* 

Ib/Mhbl 

Post-clay  treat 

Pre-test 

Post-test 

289 

Lubr 

20 

+30tt 

+30 

+30 

290 

Lubr 

20 

+  23 

~ 

+23 

2V 1 

Lubr 

20 

+22 

+  22 

+21 

292 

Lubr 

20 

+  21 

+23 

+22 

29.3 

Lubr 

20 

+  23 

+22 

+21 

294 

Lubr 

20 

+22 

+22 

+21 

295 

Lubr 

20 

+22 

+22 

+21 

296 

Lubr 

20 

+22 

+21 

+21 

297 

Lubr 

20 

+20 

+21 

+21 

298 

Lubr 

20 

+21 

+21 

+21 

299 

none** 

— 

+21 

+21 

+22 

30QA 

none®* 

... 

+23 

+23 

+23 

3  COB 

none** 

... 

— 

+24 

+23 

300C 

none** 

— 

... 

+24 

+22 

30OD 

none** 

... 

... 

+23 

+24 

301 

none** 

... 

+23 

+23 

+23 

302 

none** 

— 

+21 

+23 

303A 

none** 

... 

+29 

+29 

303B 

none** 

~ 

... 

+21 

+21 

304 

Lubr 

20 

+30t  f 

+30 

+30 

305 

Lubr 

20 

+29 

+28 

+28 

306 

Lubr 

20 

+23 

+28 

+23 

307 

Lubr 

20 

+22 

+2.3 

+24 

308 

Lubr 

20 

+24 

+26 

+23 

309 

Lubr 

20 

+22 

+23 

+23 

310 

Lubr 

20 

+24 

+23 

+23 

311 

Lubr 

20 

+23 

+22 

+23 

312 

Lubr 

20 

+22 

+22 

+22 

313 

Lubr 

20 

+22 

+21 

+22 

314 

AFA 

10 

+30  J 

+30 

+30 

315 

AFA 

16 

+30 

+30 

+30 

316 

AFA 

16 

+27 

+27 

+27 

317 

Snt 

16 

+24 

+24 

+24 

318 

Snt 

16 

+23 

+24 

+24 

319 

none 

+24 

+23 

+23 

320 

Snt 

16 

+23 

+23 

+23 

321 

Lubr 

20 

+23 

+23 

+23 

322 

Lubr 

20 

+23 

+23 

+23 

323 

Snt 

16 

+22 

+22 

+22 

324 

Snt 

16 

+22 

+23 

+22 

325 

AFA 

’.0 

+30 1 

+30 

+30 

326 

none 

+30 

.'30 

+30 

327 

AFA 

10 

+30 

+30 

+30 

328 

none 

... 

+28* 

+29 

+28 

329 

AFA 

10 

1  _ 

+29 

+29 

+29 

‘Saybolt  color  rating  of  +30  rcprtienU  the  lightest  color;  -  16  repreienU  the 
Jjrkcrt  color. 

1  Color  of  uninliibitr-d  IP- 5  fuel  before  clay  treating  was  *19. 

(After  imtailation  of  new  clay  cannistera. 

'•Teat  war  run  according  to  rpeciai  procedure,  contaminant  wal  plug-valve 
grcare.  _ 


the  fuel  with  fresh  canisters  is  only  0.02.  However, 
on  the  basis  of  data  obtained,  the  removal  does 
appear  to  be  real  and  significant.  Although  the 
mechanism  of  removal  is  not  known,  it  is  believed 
adsorption  of  FSII  onto  constituents  of  the  clay 
occurs  until  all  sites  for  such  adsorption  become 
saturated,  and  that  the  population  of  such  sites  is 
not  as  great  as  sites  for  corrosion  inhibitor  adsorp¬ 
tion. 

(3)  Effect  on  Saybolt  Color  Ratings 

In  Table  39,  the  Saybolt  color 
ratings  of  test  fuels  are  reported  for  all  single¬ 
element  loop  tests  for  which  they  were  obtained 
up  to  the  conclusion  of  experimental  work.  The 
results  indicate  that  the  use  of  new  clay  canisters 
increased  the  color  rating  of  JP-5  fuel  from  around 
+  19  to  +30  (the  +30  represents  the  lightest  color, 
“water  white”;  -16  represents  the  darkest  color). 
However,  subsequent  reblending  of  the  fuel  with 
corrosion  inhibitors,  testing,  ano  retreating  with 
clay  led  to  rapid  darkening  in  fuel  color;  usually, 
oTter  four  tests,  color  ratings  had  decreased  to 
around  +23,  and  remained  at  that  level  for  7  to  1 1 
tests. 

A  closer  look  at  the  results  of 
the  Saybolt  ratings  indicates  that  no  detectable 
color  change  occurred  in  the  fuel  immediately 
after  blending  with  additive  (comparing  post-clay 
vs  pre-test  color  ratings),  and  no  detectable  change 
occurred  during  any  one  test  (comparing  post-clay 
and  pre-test  color  ratings  vs  post-test  coior 
ratings). 

The  greatest  increases  in  fuel 
color  occur  soon  after  the  initial  clay  treatment. 
These  increases  are  abrupt  and  sizable  and  usually 
occur  between  the  post-test  measurement  of  one 
test  and  the  post-clay  treatment  measurement  of 
the  following  test.  Thus,  the  increase  in  color 
appears  to  occur  during  the  clay  treatment.  This 
suggests  that  color  bodies  removed  from  the  raw 
fuel  during  the  initial  clay  treatment  are  sub¬ 
sequently  released;  perhaps  they  are  displaced  as 
increasing  amounts  of  corrosion  inhibitors  are 
adsorbed  onto  the  clay. 

In  all  cases,  clay  canisters  were 
used  only  until  they  failed  to  restore  fuel  WSIM 
rating  to  95  or  higher.  With  this  in  mind,  it  is 
interesting  to  note,  that,  although  these  canisters 
remained  effective  on  this  basis  for  up  to  1 1  tests, 


they  usually  were  unable  to  remove  coloring  agents  in  the  fuel  after  only  4  tests.  This  leads  one  to  the  plausible 
conclusion  that  these  coloring  agents  have  little  or  no  surface  active  p.opeities,  and  that,  in  this  respect,  the  Saybolt 
ratings  were  not  useful  in  predicting  fuel  or  fuel-additive  blend  perforrnar  e  in  filter -separator  tests. 

During  the  course  of  filter-separator  testing,  not  enough  Saybolt  color  ratings  were  ob tamed  on 
different  corrosion  inhibitor-fuel  blends  to  determine  if  different  systems  promote  fuel  coloration  more  or  less  than 
others,  although  it  does  seern  quite  possible  that  inis  would  be  the  C3&e. 

b.  Effect  on  Element  Performance  Parameters 

Another  question  of  interest  with  regard  to  filter-separator  testing  is  whether  clay  treating  has  any  effect 
on  the  performance  of  filter-separator  elements.  Unfortunately,  Gniy  two  groups  of  tests  were  run  in  which  all 
conditions  were  the  same  except  for  the  use  of  untreated  or  clay-treated  fuel.  Results  of  these  tests,  run  on  JP-5  +  20 
Ib/MbbI  RP-2  +  0.15%  FSI!  and  using  elements  of  Filters  Inc.  Lot  465,  are  given  in  Table  40.  There  is  no  significant 
difference  between  the  mean  parameter  values  for  untreated  JP-5  and  clay-treated  JP-5  except  Li  the  case  of  element 

TABLE  40.  EFFECT  OF  CLAY  TREATMENT  ON  FILTER-SEPARATOR 
PERFORMANCE  PARAMETERS  OF  JP-5  +  20  tb/Mbbl  RP-2  +  0.15%  FS11* 


Parameter 

Untreated  JP-5  ♦  20  lb/ 

Mbbl  RP  +  0.15%  FS11 

Clay-treated  JP-5  +  20  lb/ 
Mbbl  RP  +  0. 1 5%  FSII 

Mean  for  4  tests 

SD 

Mean  for  9  tests 

SD 

Element  wt  gam.  g 

224 

44 

239 

73 

%  dirt  at  20  psi 

110 

27 

116 

37 

%  dirt  at  40  psi 

112 

25 

121 

39 

Avg  AEL  rating.  mg/£ 

27 

30 

21 

i6 

Max  AEL  rating.  mg/S 

39 

41 

45 

41 

Avg  solids,  mg /£ 

0.18 

0.C3 

0.17 

0.05 

Max  solids,  mg Ji 

0.27 

0.05 

0.32 

0.1 1 

Avg  Tot  rating 

7.5 

15.0 

1.9 

2.8 

Max  Tot  rating 

25.2 

49.2 

11.0 

18.7 

Element  AP  at  zero  min,  psi 

1.62 

0.12 

L 

1.93 

0.11 

te*t*  performed  according  to  procedure  1 3-A  using  only  FI  465  elements  and  fuei  au»n  Batch  23.  j 

differential  pressure  at  start  of  test  The  element  differential  pressure  of  1 .0}  psr  for  the  day-treated  fuel  is 
greater  than  th*(  for  the  untreated  fuel  (1.62  psi)  by  an  amount  which  is  statistically  very  highly  significant. 
It  i$  difficult  to  assign  a  cause  for  this  difference  m  pressures.  All  the  tests  were  run  under  identical 
condition*  using  fuel  from  a  rankle  batch  (No.  23 )  and  elements  of  a  single  lot  (FI  Lax  465)  Time-ielated 
effects  might  be  wspee'ed  here,  since  eight  of  the  tests  with  day-treated  JP-5  were  run  first,  followed  by  the 
four  teiti  on  untreated  fuel,  and  lastly  one  additional  test  on  clay-treated  fuel  However.  the  differential 
wrmrt  of  the  last  teat  with  day  treated  fuel  ss  well  in  line  with  eadrer  irsults  on  day  treated  fuel,  which  is 
.  .ideru  e  agetnst  the  presence  of  time -related  effects  The  cause  of  the  differences  nr  mean  demerit  differential 
pressure  it  not  apparent,  and  no  suppositions  can  be  formulated  as  to  how  day  treating  can  alter  fuel 
properties  to  effect  such  a  result 

intuitively ,  day  treating  of  fuel  would  be  expected  to  r exult  ir.  improved  test  repeatability  However, 
c omparivoo  of  itandard  deviations  of  perfornarisc  parameters  tor  day  treated  and  untreated  JP-5  (Table  40)  diies 
not  (uppost  ffu»  supposition  Standard  deviations  ft*  test  parameters  of  day  treated  JP-5  are  larger  than  those  for 
untreated  JP-5  in  right  uki  out  of  ten. 
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7.  Infection  Water  Effect* 


During  the  program  reported  herein,  only  very  limited  data  were  obtained  relating  to  the  effects  of  injection 
water  composition  on  filter-separator  performance  A  few  tests  on  JP-5  +  16  Ib/Mbbl  Santolene  C  +  0.15%  FSI1  were 
performed  in  which  the  injection  water  composition  was  varied.  All  of  these  tests  were  run  according  to  Procedure 
10  and  involved  Filters  Inc  elements  from  Lois  286  and  440.  Injection  water  quality  parameters  are  given  in  Section 


TABLE  41 .  AVERAGL  AEL  RATING  OF  EFFLUENT  Ft  EL 
FOR  DIFFERENT  TYPES  OF  INJECTION  WATER 


1 

Injection  water 

KB 

Bl 

mmsm 

Min 

Max 

Mern 

SD 

64-68 

Type  B  “synthetic" 

0 

8 

1.9 

2.1 

70-7: 

77.91 

74 

pH5  (distilled  +  NaC!  +  UCIj 

■ 

1 

1.0 

75 

pH7  (distilled  +  NaCI  +  NaOH) 

• 

0 

— 

76 

pH  10  (distilled  ♦  NaCI  +  NnOH) 

1  1 

0 

... 

78,79 

65%  Type  B  +  35%  FSII 

2 

3 

2.5 

... 

83 

Type  B+  NaCI  (932  mg/SC'l  ) 

... 

0 

... 

96.99 

Filtered  WPaFB  tap  water 

2 

5 

3.5 

... 

95 

Distilled 

— 

... 

3.0 

... 

92 

pH  9.5  (Type  B  *  NaOH) 

— 

4.0 

— 

93.94 

Distilled  (contaminated  with 
residues  from  test  92) 

2 

2 

2.0 

... 

97 

pH  9.5  (Distilled  +  164  mg/f 
NaHCO.,  +  NaOH) 

... 

10 

•All  tests  performed  on  JP-5  +  16  Ib/Mbbl  Santolene  C  +  0.15%  F31I  according  to 
procedure  10  with  f  ilters  Inc  elements  from  Lots  286  and  440. 


TABLE  42.  AVERAGE  SOLIDS  CONTENT  OF  EFFLUENT  FUEL 
FOR  DIFFERENT  TYPES  OF  INJECTION  WATER 


Test  no.* 

Injection  water 

Average  solids  content, 
mg/S 

WWliiil* 

Min  |  Max 

(.4-68 

Type  B  “synthetic'' 

0.00 

0.12 

0.04 

0.04 

70-72, 

77,91 

*»  i 

1  H 

pH5  (distilled  +  NaCI  +  HC'l • 

0.07 

7S 

ptl7  (distilled  +  NaCI  +  NaOH) 

... 

.... 

0.01 

76 

pH  10  (distilled  +  NaCI  +  NaOH) 

... 

0.03 

78.79 

65%  Type  B  +  35%  FS11 

0.00 

0.15 

0.08 

83 

Type  B  +  NaCI  (932  ing/K  (T  ) 

... 

... 

0.03 

9(,,99 

Filtered  WPAFB  tap  water 

0.03 

0.03 

0.03 

95 

Distilled 

... 

... 

0.14 

O  T 

pH  9  s  (Type  B  +  NaOH) 

... 

... 

0.05 

93 .94 

Distilled  (contaminated  with 
residues  from  test  92) 

0.00 

0.03 

0.02 

<)7 

L 

pH  9.S  (distilled  +  164  mg/K 
NaHCO,  i  NaOH) 

... 

... 

0.01 

j  *  All  test’*  performed  on  JP-5  ♦  16  Ib/Mbbl  Santolene  (’  +  0.15%  I  SM  according  to 
j  procedure  10  with  fillers  Inc  elements  from  Lots  286  and  440 
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Ill  of  this  report,  and  element  performance  parameters  for  tests  with  various  injection  waters  are  given  in  Tables  41 
to  44.  As  can  be  seen,  these  results  suggest  that  the  variations  of  injection  water  composition  that  were  used  iiad  no 
significant  effect  on  any  of  the  element  performance  parameters  It  can  be  concluded  that  the  water  properties  that 
were  investigated  either  have  no  effect  whatever  on  test  severity,  or  that  tie  effects  are  so  insignificant  that  they  are 
obscured  by  element -to-element  variations.  Although  there  was  good  evidence  for  beiieving  that  water  properties 
could  have  significant  effects  on  filter-separator  performan  :e  on  Santulene  ('  blends,  these  test  results  show  that  this 

TABLE  43.  TIME  TO  REACH  20  PSJ  FOR  DIFFERENT 
TYPES  OF  INJECTION  WATER 


Test  no .* 

Injection  *  ,er 

1  ■ 

Min 

Max 

Mean 

SD 

64-68, 

Type  B  "synthetic” 

22 

42 

30.1 

6.3 

70-72. 

77,91 

74 

pHS  (distilled  +  NaCI  +  HCI) 

H 

35 

75 

pH7  (distilled  +  Nad  +  NsOH) 

- 

32 

-- 

76 

pH  10  (distilled  *  NaCI  *  NaOH) 

- 

UK 

30 

78.79 

65%  Type  B  +  35%  FSII 

28 

38 

33 

- 

83 

Type  B  +  NaCI  (932  mg/£  Cl  ) 

- 

- 

27 

- 

96,99 

Filtered  WPAFB  tap  water 

18 

42 

30 

95 

Distilled 

— 

-- 

31 

- 

92 

pH  9  5  (Type  B  +  NaOH) 

- 

... 

32 

-  . 

93,94 

Distilled  (contaminated  with 
reiidues  from  teat  92) 

26 

31 

28  5 

a  — 

97 

pH  9.5  (distilled  *  164  mg It 
NaHCO,  +  NaOH) 

... 

- 

38 

- 

*  All  tests  performed  on  JP-5  +  IS  Ib/MbM  Sentoiene  C  ♦  0  15ft  f'Sii  according  lo 
procedure  10  with  1- liters  Inc  elements  from  Lots  286  *nd  440 


TABLE  44.  ELEMENT  WEIGHT  GAIN  FOR  DIFFERENT 
TYPES  OF  INJECTION  WATER 


Test  No* 

Injection  water 

Elen.-ent  weight  gam,  g 

Min 

Max 

Mean 

64,66-68, 

Type  B  "synthetic’' 

147 

26? 

197  9 

37.2 

70-72, 

77,91 

74 

pHS  (dlsti’M  *  Nad  *  H(  i) 

... 

-u3 

’ 

75 

pH7  estUlcd  .  NaCI  ♦  NaOH) 

... 

212 

76 

pHlo  (dist‘!iid  +  Nad  ♦  NaOH) 

- 

20) 

78,79 

o5'S  Tvp-  B  '  FStl 

17-9 

220 

l<r  5 

83 

Type  B+ Nat  1(932  mgr*  Cl  1 

181 

96.99 

Filtered  WPAFB  Up  water 

141 

248 

194  5 

95 

Distilled 

205 

92 

pH  9  S  (type  B  *  NaOH) 

192 

" 

93,94 

Distilled  (cunlaimnatcd  wih 
residues  (turn  ten  9.0 

173 

Id 

■ 

!97  S 

97 

pH 9.5  (distilled  *  164  mg,  S 

NaHt’O,  *  NaOH) 

2*8 

1 _ _ X  -  •_ 

_ U.  .  - 

_ _ i . . 

•All  t-r.v  perfomw:  «n  IF -5  »  i»  Ifc'MMU  langur  (  >  0  It».  i  SH  «c«eS> «*  *o  . 
procedure  10  with  hutors  lr.<  etemenls  from  1  ots  144  arid  *40 


is  not  the  case  for  the  conditions  investigated.  This  negative  result  has  the  practical  implication  that  differences  in 
mineral  composition  and  pH  of  injection  waters  within  the  ranges  tested  are  not  likely  to  significantly  affect 
filter-separator  test  results.  This  conclusion  cannot  be  extended  automatically  to  cover  differences  in  types  and 
amounts  of  particulate  matter  in  water  supplies,  nor  can  it  be  extended  to  cover  gross  contamination  of  the  water 
with  surface-active  materials. 

Attempts  to  correlate  element  performance  with  such  injection  water  quality  parameters  as  surface  tension, 
pH,  and  solids  content  proved  fruitless  because  of  a  general  lack  of  sufficient  variation  in  any  of  these  parameters. 

8.  Element  Physical  Parameters 

a.  Physical  Variations 

Three  parameters  (element  weight,  element  differential  pressure  in  the  pressure-check  trough  and 
element  differential  pressure  at  start  of  test)  are  related  to  physical  variations  in  the  elements.  The  level  and  degree 
of  scatter  of  these  parameters  are  of  some  interest  and  will  be  presented  here.  Of  more  importance  is  the  extent  of 
correlation  between  these  element  physical  parameters  and  element  performance  parameters;  this  matter  will  also  be 
taken  up  in  this  section. 

Weight  statistics  for  all  element  lots  used  in  these  tests  are  given  in  a  preceding  section  of  this  report 
(Table  5).  Regression  and  correlation  analyses  were  performed  in  an  attempt  to  establish  the  degree  of  correlation 
between  element  weight  and  any  one  of  nine  element  performance  parameters.  Calculations  were  made  an  groups  ot 
tests  having  the  same  corrosion  inhibitor,  corrosion  inhibitor  concentration  FSII  concentration,  and  element  lot. 
The  results  of  the  calculations  of  correlation  coefficient  and  its  level  of  significance  are  summarized  in  Table  45. 

TABLE  45.  CORRELATION  BETWEEN  ELEMENT  WEIGHT 
AND  PERFORMANCE  PARAMETERS 

(All  tests  run  according  to  Procedure  13-A  unless  otherwise  noted) 

JP-5  Fuel  Blend  * 


TABLE  45.  CORRELATION  BETWEEN  ELEMENT  WEIGHT 
AND  PERFORMANCE  PARAMETERS  (Cont’d) 

(All  tests  run  according  to  Procedure  13-A  unless  otherwise  noted) 

JP-5  Fuel  Blend* 


— 

Element  weight  vs 

Corr 

Concn. 

Element 

No.  of 

Avg  solids 

Max  solids 

Avg  Totumitor 

Max  Totumitoi  ] 

inhib 

Ib/Mhbl 

identification 

tests 

Sign  if 

r 

Signil 

r 

_ 

Signil' 

1 

Sign  if 

_ t _ 

[  Untreated 

Sntf 

16 

FI  286 

15 

0..10 

>10 

0.23 

>10 

0.03 

>10 

O.IX 

>10 

Suit 

16 

FI  440 

9 

0.42 

>10 

0  50 

>10 

... 

0.30 

>10 

AFA} 

4 

FI  465 

5 

0.40 

>10 

0.44 

>10 

0.41 

>10 

0.33 

>10 

RP 

20 

FI  465 

4 

0.19 

>10 

_ 

065 

>10 

0.75 

>10 

0.75 

>10  j 

Clay -treated  | 

Snt 

16 

FI  465 

5 

-0.64 

>10 

-O.oS 

>w 

0.66 

>10 

0.65 

>10 

Snt 

16 

Fr 

4 

0.52 

>10 

3.74 

>10 

0.32 

>10 

0.25 

>10 

Snt 

16 

Bn 

4 

0.04 

5-10 

0.93 

5-10 

... 

— 

3.93 

5*10 

Snt 

16 

Bw 

4 

0.65 

>10 

080 

>10 

0.19 

>10 

0.22 

>10 

AFA 

16 

FI  465 

9 

-  0.25 

>10 

0.38 

>10 

0.50 

>10 

0.34 

>10 

AFA 

16 

FR 

4 

0.63 

>|0 

0.58 

>10 

... 

— 

0.47 

>10 

AFA 

16 

Bn 

4 

0.03 

>10 

0.37 

>10 

- 

... 

-0.99 

0.1-1 

AFA 

16 

Bw 

4 

0.05 

>10 

o.-js 

>10 

0.88 

>10 

-0.88 

>10 

Lubr 

20 

FI  465 

7 

0.62 

>10 

0.47 

>10 

0.17 

>10 

-0.24 

>10 

Lubr 

20 

FI  GS 

4 

0.02 

>10 

0.45 

>10 

0.40 

>10 

044 

>10 

Lubr 

20 

Fr 

4 

-0.73 

>10 

0.92 

5-10 

0.53 

>10 

0.85 

>:o 

Lubr 

20 

Bn 

4 

-0.08 

>10 

0.04 

>10 

0.8! 

>10 

0.57 

>10 

Lubr 

20 

Bw 

4 

0.04 

>10 

-0.40 

>10 

0.48 

>10 

- 

— 

RP 

20 

FI  465'  , 

J 

0.44 

>10 

0.57 

>10 

0.43 

>10 

041 

>10 

Snt** 

16 

FI  465 

... 

■  5 

0.92 

2-5 

-0.88 

2-5 

-0.97 

0.1-1 

0.20 

>10 

•Plus  0.15%  ^SlI  unless  otherwise  noted 

■I- Procedure  10. 

•Cbnteined  0.10ft  FSU. 

••Procedure  13-J. 

Regression  c<  efficients  and  equations  were  also  calculated,  but,  in  view  of  the  generally  low  level  of  correlation, 
these  are  not  reported  here.  If  increased  element  weight  is  associated  with  increased  media  density,  then  it  can  be 
argued  that  there  should  be  negative  correlation  between  element  weight  and  all  the  performance  parameters  in 
Table  45,  except  for  average  and  maximum  AEL  ratings  for  which  the  sign  of  the  correlation  coefficient  is  not  easily 
predicted.  Examination  of  the  correlation  coefficients  shows  that  there  are  slightly  more  positive  than  negative  signs 
and  that  uiere  is  no  great  preponderance  of  either  sign  in  the  case  of  any  parameter.  On  the  basis  of  the  results  in 
Table  45,  there  is  no  evidence  of  correlation  between  element  weight  and  any  of  the  nine  performance  parameters. 

b.  E  lernent  Differential  Pressure  in 
Trough 

Element  differential  pressure  in 
trough  statistics  (mean  and  standard  deviation) 
are  given  in  Table  46  for  tests  on  JP-5  fuel 
grouped  according  to  element  lot 


Correlations  between  element  dif¬ 
ferential  pressure  in  the  pressure-check  trough 
and  the  element  performance  parameters  are 
summarized  in  Table  47;  the  general  lack  of 
correlation  is  obvious.  The  vast  majority  of 


TABLE  46.  DIFFERENTIAL  PRESSURE  IN  TROUGH 
OF  VARIOUS  FILTER-SEPARATOR  ELEMENTS 


Fuel  blend 

Element 

identification 

Element  AP  ir 
tTOUgh.  p« 

No.  of 

tests 

Mean 

Sl> 

IP-5,  uninhibited 

Fillers  Inc  14208.  lot  4s.6 

C-4  5 

0.455 

JP-5,  uninhibited 

Filter?  Inc  14208.  lot  5 16 

5 

1.720 

o:>o 

JP-5.  uninhibited 

Filters  Inc,  Govt  Std  rofid  104-8 

4 

2  325 

o.:>o 

JT  5.  uninhibited 

Ftatn  CC-SI 13.  lot  14 

52 

0.075 

0  Z1! 

JP-5,  uninhibited 

Bendii.  part  no.  04580004 

i: 

•  or 

0  518 

JP-5.  wninhibiled 

Bowser,  par?  no.  A  I389B 

_ 

!2 

13.7 

0502 

55 


TABUS  47.  CORRELATION  BETWEEN  AP  IN  TROUGH 
AND  PERFORMANCE  PARAMETERS 


»<>  M  MHlf  Vmmw*  V-*  — 


correlation,  coeffi.  ients  are  not  statistically  significant,  even  at  the  10%  level.  Also,  in  the  case  of  most  performance 
parameters,  the  number  of  positive  and  negative  correlation  coefficients  is  about  the  same.  In  the  case  of  two 
parameters.  %  dirt  load  at  20  pst  and  at  40  psi,  almost  all  correlation  coefficients  are  positive.  This  is  paradoxical 
since  for  a  given  element  design,  tighter  elements  (higher  differential  pressures)  would  be  expected  to  have  lower 
dirt-holding  capacities,  hence  the  correlation  coefficients  would  be  expected  to  be  negative. 

c.  Differential  Pressure  at  Zero  Minutes 

.Statistics  (means  and  standard  deviations)  for  element  differentia]  pressure  at  the  start  of  test  (zero  min) 
are  shown  in  Table  48  for  tests  run  or.  a  variety  of  JP-4  and  JP-5  fuel  blends  using  demerits  from  several  different 
lots.  Since  it  is  questionable  whether  or  not  the  differential  pressure  is  affected  by  me  very  small  concentration  of 
additives,  the  data  in  Table  48  are  presented  again  in  Table  49  with  tests  grouped  only  according  to  fuel  type  and 
element  lot. 


TABLE  48.  ELEMENT  DIFFERENTIAL  PRESSURE 
AT  ZERO  MINUTES  FOR  VARIOUS  COMBINA¬ 
TIONS  OF  FUEL  BLEND  AND  ELEMENT 


i  Fad  Oktti* 

i 

Element 

OeoBcui  AP  I 

at  0  nxmiits,  pda  j 

>  Coe?  ; 
i  afab  I 

1 

Cooca.  : 

FSU. 
w>I*E  j 

KxsaTKinn 

No.  of 

tests 

Mac 

SD  ! 

i 

San  ; 

4 

0.15 

F12S6 

3 

— j 

0.12  i 

AFAJ  ! 

* 

0.10 

P  <65 

3 

1.93 

0.1V  j 

— 

o  oo  ; 

FI  438 

3 

433 

029 

n ax 

~~ 

IU5 

FI  286 

J 

5X0 

0.61 

Sn; 

16 

OlQO 

FI  440 

3 

3.70 

an 

Su 

26 

G.IS 

FI  286 

3 

4.27 

021 

S« 

16 

ais 

FI  286 

15 

411 

052 

|  Sat** 

U 

aij 

FI  440 

13 

43$ 

0.47 

1  Set- 

16 

0!5 

F1 465 

12 

1.90 

0.18 

|  Sk** 

16 

ai5 

FI  5J6 

5 

360 

0.49 

;  Sm** 

J6 

0.15 

Bs 

4 

4.40 

0-24 

t  Sm 

St 

ais 

&» 

4 

4~: 

015 

;  *** 
f  Af  A 

4 

a.o 

F1  -W0.A 

7 

46C 

0-32 

lb 

au 

FI  465 

5 

3J36 

0.17  1 

!  AFA** 

-u 

0J5 

FI  440 

!5 

3.93 

0.42  } 

>  AF.A** 

16 

0.!  5 

FI  465 

9 

2.66 

0.93  i 

'  afa»* 

It 

ais 

cr 

4 

425 

an 

j  AFA** 

:t 

0:5 

Be 

4 

3s’ 

0.96 

l  AF.A** 

it 

0.15 

4 

4  :  2 

0.41 

!  AFA 

16 

015 

FI  440A 

8 

4.00 

07.3 

|  Td 

20 

0.!5 

Fl+W 

< 

3« 

0.43 

5  Lab* 

20  i  0!5 

FI  440 

4 

:,?o 

0.44 

r  Ubf** 

ais 

FI  465 

3 

2A 

057 

i 

20 

ais 

FIGS 

« 

4.75 

036 

■  U*r** 

20 

015 

Fr 

4 

4.12 

013 

|  Ubf** 

20 

ais 

Bn 

4 

3X0 

0.14 

1  Ubc** 

20 

0.15 

B* 

4 

450 

036 

i  sm 

20 

aii 

FI  440 

ii 

sjs: 

0.78 

I  w 

20 

a:s 

FI  465 

13 

1 84 

0  IS 

1  RP 

20 

0:5 

FI440A 

3 

450 

026 

i  EOS 

145 

ai5 

FI  UD 

3 

462 

052 

la 

Q 

ais 

FI  4-tOA 

« 

4.62 

0.41 

\  Ur 

■s  J 

0.15 

'  FI  440 

3 

4X17 

0.86 

j  U»** 

>3 

035 

FI -365 

3 

2.10 

034 

*  Ic 

- 

20 

ais 

_ 

Ft  4-'OA 

4 

1 

4.68 

037 

1 

:  S?-5  f«d  ferf  aim  oderrac 
*IN  fu‘  Mrai 

;  JP-4  f«rl  Nrji. 

*VZr\<*z»i  4  JP-5  He** 
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Results  of  correlation  calculations  shown  in 
Table  SO  suggest  that  for  these  tests  there  was  no  sig¬ 
nificant  correlation  between  differential  pressure  at  zero 
min  and  any  of  the  element  performance  parameters. 

d.  Re'  ...onships  Between  Element  Physical 
Parameters 

It  Teems  reasonable  to  expect  correlation  be¬ 
tween  pairs  of  the  element  physical  parameters  (element 
weight,  element  differential  pressure  in  pressure-check 
trough-  and  clement  differential  pressure  at  zero  min). 
Regression  and  correlation  analyses  v/c.-e  performed  on 
these  parameters  for  groups  of  tests  having  the  same  fuel 
(JP-4  cr  JP-5)  and  the  same  element  lot:  results  of  thess 
calculations  are  summarized  in  Table  51 .  Correlation  was 
generally  very  poor.  and.  hence,  regression  coefficients 
and  equations  are  not  presented.  In  the  cases  of  element 
weight  vs  differentia!  pressure  in  trough  and  differential 
pressure  in  trough  vs  differential  pressure  at  zerc  min, 

T.4BLE  49.  ELEMENT  DIFFERENTIAL  PRESSURE 
OF  VARIOUS  ELEMENT  LOTS  WHEN  TESTED 
WITH  JP-4  OR  JP-5  FUEL 


Element 

identifkatioa 

Mein  AP*  at  zero  min.  ! 

_ e* _ 

JP-4 

rP-5 

n  2^6 

2.93 

4.05 

Ft  42S 

4.33 

FI  440 

- 

3.97 

FI  440A 

4.46 

FI  465 

1.93 

2.28 

Fl  516 

’.SO 

FIGS 

__ 

4.75 

Bn 

— 

3.97 

Bw 

— 

4.58 

Fr 

4.18 

•Flow  rate  20  gpm 
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TABLE  50.  CORRELATION  BETWEEN  AP  AT  ZERO  MIN 
AND  PERFORMANCE  PARAMETERS 

(All  tests  run  according  to  Procedure  13-A  unless  otherwise  noted ) 

JP  5  Fuel  Blend* 


the  number  of  positive  and  negative  cor¬ 
relation  coefficients  is  about  the  same 
and  the  coefficients  are  generally  not 
statistically  significant.  In  the  case  of  dif¬ 
ferential  pressure  at  zero  min  vs  element 
weight,  there  are  ten  negative  correlation 
coefficients  out  of  a  total  of  twelve. 
Although  none  of  these  coefficients  is  sig¬ 
nificant,  even  at  the  10%  level,  the  pre¬ 
ponderance  of  negative  coefficients 
suggests  that  there  is  negative  correlation 
between  differential  pressure  at  zero  min 
and  element  weight.  However,  negative 
correlation  is  the  opposite  of  what  would 
be  expected.  Logically,  as  element  weight 
increases  in  a  given  element  type,  the 
amount  of  filtration  media  contained 
within  the  fixed  element  volume  would 
increase,  resulting  in  increased  density 
and  hence  increased  differential  pressure 
(this  is  assuming  there  are  no  significant 
fluctuations  in  weights  of  end  caps  or 
cores). 


TABLE  51 .  CORRELATION  BETWEEN  MEASURES  OF 
ELEMENT  PHYSICAL  VARIATIONS 


Fuel 

Element 

No.  of 

tests 

Element  weight 
vs 

AP  in  trough 

AP  in  trough 
vs 

AP  at  zero  min 

AP  at  zero  min 

vs 

element  weight 

— 

r 

Signif 

% 

r 

Signif 

% 

r 

Signif 

% 

Untreated  JP-5 

FI  286 

16 

... 

... 

r  ... 

-0.27 

>m 

JP-4 

FI  465 

8 

... 

... 

... 

C.3z 

>10 

JP-5 

FI  465 

4 

... 

- 

0.1 9 

->10 

— 

JP-5 

FI  286 

21 

— 

~ 

0,23 

>10 

JP-5 

FI  428 

6 

... 

— 

... 

-043 

>10 

JP-5 

Fi  440 

C'* 

.  a 

- 

... 

... 

0.03 

>10 

JP-5 

F!  44uA 

.... 

49 

-- 

... 

*** 

-0.09 

>10 

|  Gay -tree  ted  JP-5 

JP-5 

FI  465 

38 

0.10 

>10 

0.19 

>10 

0.12 

>10 

JP-5 

FI  516 

5 

0.53 

5-10 

0.90 

2-5 

0.31 

>10 

JP-5 

FIGS 

4 

0.56 

>10 

0.77 

>10 

-0.56 

>10 

JP-5 

Fr 

12 

0.24 

>10 

0.43 

>10 

-0.31 

>10 

JP-5 

Bn 

12 

0.55 

5-10 

-0.38 

>10 

-0.06 

>10 

JP-5 

Bw 

12 

0.30 

>10 

-0.12 

>10 

-0.13 

>10 

In  the  foregoing  attempts  to  determine  correlation  between  element  physical  parameters,  the  indicated 
generally  poor  correlation  may  stem  from  the  fact  that,  for  a  given  set  of  conditions,  the  range  of  element  physical 
parameters  is  too  small  to  have  much  effect  on  the  other  parameters.  In  order  to  ext  >nd  the  range  of  element 
physical  parameters,  regression  and  correlation  calculations  were  made  on  tests  grouped  according  to  procedure,  fuel 
type,  corrosion  inhibitor,  corrosion  inhibitor  concentration,  other  additives  and  FSII  concentration  and  including  all 
Filters  Inc  elements.  This  grouping  of  all  Filters  Inc  lots  may  be  justified  since  there  were  no  apparent  differences  in 
construction  of  the  various  lots. 


By  lumping  all  Filters  Inc  elements  together,  relationships  between  element  physical  parameters,  in  tests 
run  with  JP-5  fuel,  were  as  follows: 


No.  of 

Regression  equation 

Correlation  coefficient 

data  pairs 

Value 

Signif,  % 

51 

K,  *  0.0 12W  5.6 

0.4b 

<0.1 

209 

Po=0.0!0W  2.6 

0.64 

<0.1 

46 

P„*  I.I7P,  +  1.5 

0.72 

<0.1 

where 

Pi  ■  differential  pressure  in  trough,  psi 

P„  *  differential  pressure  at  o  min,  psi 

W  •  element  weight,  g 

In  all  ihrec  cases,  the  correlation  coefficients  are  positive  and  very  highly  significant.  Thus,  for  this  particular  group  of 
element*,  total  weight  docs  bear  a  dticc!  relation  to  flow  resistance  that  is  statistically  significant  despite  various 
perturbing  factor*.  Such  factors  might  include  vaualions  in  end  cap  and  core  weight,  variations  in  technique  of 
element  fabrication,  and  variations  in  media  composition  or  internal  geometry 


5v 


9.  Element  Performance 


In  this  section  of  the  report,  results  of  attempts  to  determine  the  difference  in  the  performance  of  the 
various  iots  of  elements  will  he  given.  Wherever  enough  comparable  tests  (four  or  more)  were  run  on  different 
lots  of  elements,  the  sigr.i*  .  .r  of  *he  difference  in  means  of  the  performance  parameters  for  pairs  of 
element  lots  was  determined  by  use  of  Student's  (.  Vet  convenience,  the  performance  parameters  are  grouped 
under  four  classifications  as  follows:  water  removal,  solids  removal,  solids  retention  capacity,  and  Totamitor 
readings. 

Results  of  a  series  of  tests  involving  three  corrosion  inhibitors  and  elements  from  four  manufacturers 
will  be  used  throughout  tiiis  section  for  all  comparisons  between  element  lots.  These  tests  were  all  run 
according  to  Procedure  13-A  using  clay-treated  JP-5  fuel  containing  0.15%  FSII.  All  tests,  except  the  13 
earliest. f  were  run  as  follows:  all  tests  with  a  given  additive  were  run  in  a  group,  using  the  same  600  gal  of  fuel  (plus 
makeup  after  each  test).  Before  each  test,  fuel  was  clay  treated  and  then  blended  to  the  desired  concentrations  of 
corrosion  inhibitor  and  FSII.  Four  elements  of  each  manufacturer  were  tested  with  each  fuel-additive  blend.  The 
order  of  testing  elements  was  preselected  randomly. 

Means  and  standard  deviations  of  the  average  AEL  rating  for  these  tests  are  given  in  Table  52  along  with  the 
level  of  significance  of  the  differences  in  means  for  different  manufacturers  elements.  Statistically  significant 
differences  between  means  of  average  AEL  free  water  are  indicated  for  several  pairs  of  element  manufacturers  in  the 
tests  involving  either  Santolene  C  or  AFA-1.  In  the  tests  with  Lubrizol.  all  elements  had  very  similar  performance. 
The  subject  of  additive  effects  will  be  taken  up  in  a  later  section  of  the  report. 

Similar  results  for  the  other  element  performance  parair  tors  for  the  same  groups  of  tests  are  presented  in 
Tables  53  to  60. 


TABLE  52.  COMPARISON  OF  AVERAGE  AEL  RATINGS  FOR 
ELEMENTS  OF  DIFFERENT  MANUFACTURERS 


Element 

No.  of 
elements 

Corr 

inhib 

Concn,* 

Ib/Mbbl 

Avg  AEL 
rating 

Probability  of  greater 
difference  in  means.  % 

Mean 

SD 

FI  465 

Fr 

Bn 

Bw 

FI  465 

5 

Snt 

16 

15 

24 

... 

1-2,5 

>50 

>50 

Fr 

4 

Snt 

16 

55 

10 

— 

— 

<0.1 

I 

Bn 

4 

Snt 

16 

16 

6 

... 

— 

— 

25-50 

Bw 

4 

Snt 

16 

14 

— 

— 

— 

— 

FI  465 

9 

AFA 

16 

10 

4 

_ 

10-25 

5-10 

1-2  5 

Fr 

4 

AFA 

16 

12 

1 

— 

25-50 

2.5-5 

Bn 

4 

AFA 

16 

13 

1 

— 

— 

— 

2.5-5 

Bw 

4 

AFA 

16 

45 

25 

— 

... 

... 

— 

FI  465 

7 

Lubr 

20 

40 

:7 

... 

>50 

>50 

>50 

Fr 

4 

Lubr 

20 

39 

19 

... 

... 

>50 

>50 

Bn 

4 

Lubr 

20 

43 

27 

... 

... 

... 

>50 

Bw 

4 

Lubr 

20 

45 

20 

... 

... 

... 

... 

'Blended  with  clay-treated  JP-o  +  0  1 5"  FSII  and  tested  according  to  procedure  i3-A. 


t These  early  tests  were  performed  with  FI  465  elements,  with  fuel  containing  16  Ib/MbbI  Santolene  C  (5  tests).  16  ib/Mbbl  AFA-1 
15  tests),  and  20  Ib/Mbbl  Lubrizcl  54 1  (3  tests).  Test  proecdute  was  identical  to  that  used  in  the  later  tests  except  for  lack  of  rigid 
contiol  over  test  sequence  and  fuel  changes. 
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TABLE  53.  COMPARISON  OF  MAXIMUM  A£L  RATINGS  FOR 
ELEMENTS  OF  DIFFERENT  MANUFACTURERS 


Element 

No.  of 
elements 

Corr 

inhib 

Concn,* 

Ib/Mbbl 

Max  AEL 
rating 

Probability  of  great 
difference  in  means 

er 

% 

Mean 

SD 

FI  465 

Fr 

Bn 

Bw 

FI  465 

5 

Snt 

n 

27 

41 

— 

0.5-1 

>50 

>50 

Fr 

4 

Snt 

a.  . 

100 

— 

-- 

2.5-5 

2.5 

Bn 

4 

Snt 

16 

41 

— 

— 

— 

1-2.5 

Bw 

4 

Snt 

16 

42 

39 

— 

— 

— 

— 

FI  465 

9 

AFA 

16 

19 

5 

_ 

>50 

25-50 

<0.1 

fr 

4 

AFA 

16 

12 

1 

— 

/  ■ 

25-50 

0.1 -0.5 

Bn 

4 

AFA 

16 

22 

6 

— 

— 

0.1  -0.5 

Bw 

4 

AFA 

16 

88 

25 

B 

- 

— 

FI  465 

7 

20 

88 

31 

_ 

>50 

>50 

>50 

Fr 

4 

20 

80 

40 

>50 

>50 

Bn 

4 

20 

82 

35 

- 

— 

>50 

Bw 

4 

20 

80 

' 

H 

— 

— 

‘Blended  v-ith  day-treated  JP-5  +  0.15%  FSI!  and  tested  according  to  procedure  13- A. 


TABLE  54.  COMPARISON  OF  AVERAGE  SOLIDS  CONTENT 
FOR  ELEMENTS  OF  DIFFERENT  MANUFACTURERS 


_  ^  I  No.  of  I  VV/I1U1.  I 

Eleipcnt  .  #  iu/wuvi  I  content  mg 

elements  Ib/Mbol  .  F,  m 


Concn.* 

IK/MK*r,l 

Avg  solids 
content,  mg 

Meats 

SD 

16 

0.59 

1.20 

16 

0.08 

0.04 

16 

0.09 

0.05 

16 

0.10 

0.05 

16 

0.10 

0.04 

16 

0.14 

0.03 

16 

0.09 

0.01 

16 

0.12 

0.06 

20 

0.68 

0.34 

20 

0.76 

0.20 

20 

1.04 

0.79 

20 

0.56 

0.68 

Probability  of  greater 
difference  in  means,  % 


FI  465 
Ff 
Bn 
Bw 

FI  465 
Fr 
Bn 
Bw 

FI  465 
Fr 
Bn 
Bw 


•Blended  with  clay-treated  JP-5  +  0.15%  FS1I  and  tested  according  to  procedure  13-A. 


Fr 

Bn 

Bw 

25-50 

25-50 

25-50 

— 

>50 

>50 

— 

— 

>50 

5 

>50 

>50 

— 

— 

25-50 

— 

— 

25-50 

>50 

25-50 

>50 

— 

>50 

>50 

... 

... 

25-50 

... 

i 
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TABLE  55.  COMPARISON  OF  MAXIMUM  SOLIDS  CONTENTS 
FOR  ELEMENTS  OF  DIFFERENT  MANUFACTURERS 


Corr 

inhib 

Concn,* 

Ib/Mbbl 

■ 

mmmrn 

Mean 

SD 

Snt 

16 

2.20 

4.68 

Snt 

16 

012 

0.04 

Snt 

16 

0.16 

0.12 

Snt 

16 

0.20 

0.12 

AFA 

16 

0.20 

0.12 

AFA 

16 

0.26 

0.08 

AFA 

16 

0.18 

0.04 

AFA 

16 

0.18 

0.07 

Lubr 

20 

1.03 

0.46 

Lubr 

20 

0.88 

0.62 

Lubr 

20 

1.40 

0.27 

Lubr 

20 

2.28 

0.25 

Probability  of  greater 


FI  465 


Bn 

Bw 

25-50 

25-50 

>50 

25-50 

... 

>S0 

>50 

>50 

10-25 

10>25 

“* 

>50 

25-50  ! 

>50 

>50 

>50 

— - 

>50 

... 

'Blended  with  day-treated  J?-S  ♦  0.15%  FS11  and  tested  according  to  procedure  >3-A. 


TABLE  56.  COMPARISON  OF  ELEMENT  WEIGHT  GAIN  FOR 
ELEMENTS  OF  DIFFERENT  MANUFACTURERS 


Concn  ,* 
ib/Mbbl 


Probability  of  greater  difference 
in  means,  % 


FI  465 


0.1 -0.5 


•Blended  with 


202  16 
189  10 

239  42 

196  26 

240  50 

170  9 

209  14 

222  20 

170  34 

118  13 

143  19 

178  49 


5  1 0.15%  FS11  and  tested  according  to  procedure  13-A. 


0.1-1.0 


Bn 

Bw 

10-25 

0.1-0.5 

5-10 

>50 

... 

10-25 

10-25 

25-50 

0.1  -0.5 

0.1 -0.5 

... 

25-50 

10-25 

5-10 

5-10 

5-10 

... 

25-50 

... 

... 
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TABLE  57.  COMPARISON  OF  %  DIRT  LOAD  AT  20  PSI  FOR 
ELEMENTS  OF  DIFFERENT  MANUFACTURERS 


Element 

No,  of 
element* 

Corr 

inhib 

Concn,* 

Ib/Mbbi 

Dirt  load 
at  20  pa,  % 

Probability  of  greater  diff  erence 
in  means, 01 

Mean 

SD 

FI  465 

Fr 

Bn 

Bw 

FI  465 

Sot 

16 

91 

10 

25-50 

0.5-1 

25  50 

Fr 

Sdt 

16 

99 

12 

... 

— 

2.5-5 

0.1 -0.5 

Bn 

Sot 

16 

130 

20 

— 

... 

... 

2.5-5 

Bw 

Sat 

99 

15 

-- 

... 

... 

— 

FI  465 

AFA 

16 

115 

25 

-w. 

0.5*1 

10-25 

50 

Fr 

AFA 

16 

86 

5 

~ 

— 

1-2  5 

0.5-0. 1 

Bn 

AFA 

16 

101 

66 

— 

— 

10 

Bw 

4 

AFA 

16 

111 

81 

— 

— 

-- 

... 

FI  465 

n 

Lubr 

20 

88 

16 

1-2.5 

2.5 

25-50 

Fr 

Lubr 

20 

70 

«/ 

— 

... 

50 

0.5-1 

Bn 

Lubr 

20 

66 

11 

— 

■ 

— 

1-2.5 

Bw 

U 

Lubr 

20 

98 

14 

— 

H 

— 

... 

'Blended  with  day-treated  JP-5  +  0.15%  FSII  and  tested  according  to  procedure  13- A. 


TABLE  58.  COMPARISON  OF  %  DIRT  LOAD  AT  40  PS!  FOR 
ELEMENTS  OF  DIFFERENT  MANUFACTURERS 


Element 

No.  of 
elements 

Corr 

inhib 

Concn,* 

Ib/Mbbl 

Dirt  load 
at  40psi,  % 

Probability  of  greater  difference 
in  means,  % 

Mean 

U 

im 

u 

Bn 

Bw 

mm 

Sot 

n 

108 

24 

— 

25-50 

2.5-5 

50 

BH 

Snt 

mm 

102 

14 

-- 

— 

2.5-5 

50 

Snt 

wM 

134 

21 

— 

... 

5-10 

Bw 

4 

Snt 

16 

106 

16 

— 

-- 

— 

FI  465 

9 

AFA 

16 

120 

24 

0.5-1 

10-25 

50 

Fr 

4 

AFA 

16 

93 

— 

— 

1-2.5 

0  1-05 

Bn 

4 

AFA 

16 

106 

— 

... 

10 

Bw 

AFA 

16 

116 

— 

— 

... 

... 

FI  465 

Lubr 

20 

88 

16 

a.- 

1-2.5 

2.5 

25-50 

Fr 

Lubr 

20 

70 

i 

- 

~ 

50 

05  1 

Bn 

Lubr 

20 

66 

n 

— 

- 

1-2  5 

Bw 

_ 

Lubr 

20 

9« 

14 

_ _ 

... 

,r- 

•Wended  with  cta.v-ueeied  iP-5  ♦  0  ISA  FSII  and  Seated  accc(Wn|  to  procedure  f  J-A- 


TABLE  59.  COMPARISON  OF  AVERAGE  TCTAMITOR  RATINGS 
FOR  ELEMENTS  OF  DIFFERENT  MANUFACTURERS 


Nc.of 

elements 

Carr 

inhib 

Concn,* 

lb/MbW 

AvgTot 

ratings 

Pi! 

dif 

obability  of  greater 
'erence  in  sne<a.J,  % 

Mean 

SD 

FI  465 

Fr 

u 

FI  465 

Snt 

16 

6 

13 

•  M 

>50 

25-50 

>50 

Fr 

Snt 

16 

4 

5 

— 

— 

10-25 

55-50 

Bn 

Snt 

16 

0 

0 

— 

— 

— 

10-25 

Bw 

Snt 

16 

2 

2 

— 

— 

— 

FI  465 

AFA 

16 

0 

0 

2.5-5 

25-50 

5-10 

Fr 

4 

AFA 

16 

1 

0 

— 

— 

2.5 

10-25  1 

Bn 

4 

AFA 

16 

0 

0 

— 

— 

— 

5-10  ! 

Bw 

4 

AFA 

16 

4 

3 

— 

- 

-- 

- 

FI  46  5 

7 

Lubr 

20 

4 

4 

— 

0.1-0.5 

0.5-1 

1-2.5 

Fi 

4 

Lubr 

20 

19 

6 

— 

— 

>50 

>50 

Bn 

4 

Lubr 

20 

21 

8 

— 

— 

— 

>50 

Bw 

4 

Lubr 

20 

18 

9 

— 

— 

““ 

— 

*  Bit  ruled  with  day-treated  JP-5  +  0.15%  FS1I  and  letted  according  to  procedure  B-A. 


TABLE  60.  COMPARISON  OF  MAXIMUM  TOTAMHOR  RATINGS 
FOR  ELEMENTS  OF  DIFFERENT  MANUFACTURERS 


Element 

No.  of 
elements 

Corr 

inhib 

Concn,* 

lb/MbW 

Max  Tot 
ratings 

Pr 

dif! 

obability  of  greater 
erence  in  means,  % 

Mean 

sD 

FI  465 

Fi 

Bn 

Bw 

Snt 

■9 

20 

44 

... 

>50 

25-50 

>50 

Snt 

■9 

20 

28 

— 

— 

10-25 

>50 

Snt 

■9 

1 

0 

— 

— 

— 

1-2.5 

Bw 

4 

Snt 

16 

12 

7 

— 

— 

-» 

— 

FI  465 

9 

AFA 

S6 

1 

1 

5-10 

0.5-1 

5-10 

F» 

4 

AFA 

16 

2 

1 

— 

>50 

10-25 

Bn 

4 

AFA 

16 

2 

1 

-- 

— 

10-25 

Bw 

4 

AFA 

16 

17 

16 

- 

— 

... 

— 

FI  465 

7 

tub* 

20 

26 

28 

<0.1 

0.5-1 

<01 

Fr 

4 

Lubr 

20 

95 

8 

— 

— 

>50 

25-50 

Bn 

.  4 

Lubr 

20 

85 

28 

■  — 

— 

25-50 

lT__ 

4 

Lubr 

20 

9* 

0 

— 

— 

— 

In  order  to  provide  information  about  the 
overall  performance  of  ihe  different  elements, 
Table  61  was  prepared.  This  table  gives  the  rank 
(1,  2,  3,  4  in  order  of  decreasing  performance) 
foi  each  element  for  the  various  performance 
parameters. 

For  these  particular  groups  of  tests’  an 
overall  rank  of  the  elements  in  order  of  de¬ 
creasing  effectiveness  is  as  follows: 


TABLE  61.  RANK  OF  ELEMENTS  FOR 
VARIOUS  PERFORMANCE  PARAMETERS 


0) 

FI  465 

(2) 

Bendix 

(3) 

Bowser 

(4) 

Fram 

It  should  be  emphasized  that  in  the  case  of 
several  parameters,  the  differences  ir.  means  for 
the  various  elements  are  not  statistically  signifi¬ 
cant.  Also,  the  overall  rank  is  an  unweighted 
average  without  any  real  statistica’  significance. 

Hence,  the  overall  ranking  can  be  regarded  only 
as  indicative  of  general  performance  in  this 
particular  test  program. 

Four  tests,  similar  to  those  run  in  the  test 
series  dealt  with  above,  were  run  using  JP  5  + 

20  Ib/Mbbl  Lubr  +  0.15%  FSI!  and  filters  Inc 
elements  fiom  government  supply.  Results  of 
these  four  tests  are  given  in  Table  62  along  with 
results  of  seven  similar  tests  in  which  Filters  Inc 
Lot  465  elements  were  used.  Comparison  of 
results  from  these  two  groups  of  tests  shows 
that  the  elements  from  government  stock 
exhibited  shortly  better  mean  performance 
parameters  in  every  case.  In  mof.t  cases,  how¬ 
ever,  the  differences  arc  not  statistically  signifi¬ 
cant.  in  only  one  case,  that  of  element  weight 
gam.  is  tise  difference  in  n leans  significant  at 

better  than  the  5%  level  The  choice  of  Lubnzol  541  as  ;h*  fuel  common  inhibitor  pieced  alt  of  these  tests 
well  into  the  “failure’'  zone,  so  the  'oults  aie  not  necessarily  indscatrvc  of  relative  element  performance  under  less 
severe  conditions. 


Parameter 

O-rr 

inhib 

Element  identification 

FJ  465 

Fr 

Bn 

Bw 

Avg  AEL,  mg /C 

Snt 

I 

4 

2 

2 

AFA 

1 

7 

4m 

3 

4 

Lubr 

2 

1 

3 

4 

Max  AEL,  mg/C 

Snt 

1 

4 

2 

3 

AFA 

7 

4m 

1 

3 

4 

Lubr 

3 

1 

7 

1 

Avg  solids,  mg/C 

Snt 

4 

1 

* 

3 

AFA 

7 

4 

i 

3 

Lubr 

7 

3 

4 

1 

Max  solids,  mg/C 

Snt 

4 

1 

2 

3 

AFA 

7 

3 

1 

1 

. 

Lubr 

2 _ 

1 

3 

4 

Element  wt  gain,  % 

Snt 

2 

4 

1 

3 

AFA 

1 

4 

3 

2 

Lubr 

2 

4 

3 

1 

Dirt  load  at  20  psi,  % 

Snt 

3 

2 

1 

2 

AFA 

1 

4 

3 

7 

Lubr 

2 

3 

4 

l 

Dirt  load  at  40  psi.  % 

Snt 

2 

4 

1 

3 

AFA 

1 

4 

3 

2 

Lubr 

2 

3 

4 

I 

Avg  Totamitor 

Snt 

4 

3 

1 

2 

AFA 

1 

2 

1 

3 

Lubr 

1 

3 

4 

-I 

Max  Totamitor 

Snt 

3 

3 

1 

7 

AFA 

I 

2 

3 

Lubr 

1 

3 

7 

4 

Average  rank 

2.0 

2.7 

2.3 

2.5 

Average  overall  rank 

1 

4 

3 

♦Conccntrabuns  IK  lt> 

wbW  Snt, 

lt>  IbfWbW  4F'A 

1 

?0  Ih/WMW 

Lute.  iTay-Urratod  If  r  ' 

icf  blench  atl  contained  0  1  ST  1  VI 

1 

Also  among  the  elements  that  weir  tested  in  this  program  *?.r  some  identified  by  the  manufacturers  as  special 
elements  capable  of  removing  red  iron  oxide.  Pfizer  R  oook*  front  inhibited  fuel  Ihree  Bowser  and  three 
Bend  tv  elements  of  'his  type  were  tested  tn  the  Ai/SS  kop  according  to  a  modified  JWOt  i  mhibiicd  fuel 
test  procedure  tn  which  the  solid  contaminant  was  Pfizer  P.-WU*  red  iron  ovsdc  instead  of  AC  dust 
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TABLE  62.  COMPARISON  OF  PERFORMANCE  OF  The  modified  8901-B  inhibited-fuei 

FILTERS  INC  LOT  465  ELEMENTS  WITH  tests  consisted  of  flowing  fed  through  the 

FILTERS  INC  ELEMENTS  FROM  test  filter-separator  at  20  gptn,  injecting 

GOVERNMENT  SUPPLY  water  at  0.2  gpm  throughout  the  test,  and 

injecting  solid  contaminant  (in  this  case  rad 
iron  oxide)  at  a  rate  of  2.86  g/min,  starting 
at  60  min  into  the  test  and  continuing  until 
the  end  of  the  test  (cither  at  40-pu  differen¬ 
tial  pressure  or  a:  130  rate  of  testing!.  Two 
tests  were  run  on  each  manufacturer's  ele¬ 
ments  using  JF-5  fuel  containing  6.15%  FSII 
and  10  Ib/MbbI  AFA-1  co.-nsion  inhibitor. 
One  test  was  mr.  on  each  manufacturer's  efc 
ment  using  JP-S  fuel  without  cohesion 
inhibitor.  Li  sD  tests  involving  corroacm 
inhibitor,  the  elements  exhibited  very 
unsatisfactory  performance.  Effluent  fuel 
was  highly  contaminated:  maximum  Totaroi- 
tor  readings  ranged  from  53  to  100.  average 
solids  contents  ranged  from  1.23  t  a  10.03 
mg/£,  maximum  solids  contents  ranged  from 
2.46  to  17.57  mg/?,  and  maximum  free 
water  contents  ranged  from  1?  to  20+  mg /£. 
In  these  snhibited-fud  tests,  performance  of 
both  nanufacturer’s  elements  was  unsatisfactory,  but  the  Bowser  elements  were  appreciably  better  in  nitration 
efficiency,  giving  average  effluent  solids  contents  of  2.62  and  1 .23  mg/?  in  comparison  with  10.03  snd  9.60  mg Jt  for 
the  Bendix  elements.  It  may  be  noted  that  even  the  “better”  efficiency  of  the  Bowser  elements  was  poor  in  terms  of 
normal  performance  standards.  This  difference  in  filtration  efficiency  may  be  related  to  the  differences  in  plugging 
behavior  of  the  two  manufacturers'  dements.  Bowser  elements  plugged  rapidly,  the  pressure  drop  exceeding  40  psi 
at  86  and  87  min.  in  comparison  with  pressure  drops  of  only  8.4  and  83  psi  in  130-nhn  tests  with  the  Bendix 
elements.  With  regard  to  effluent  Totamitor  readings  and  free  water  contents,  there  was  no  apptedable  difference 
between  Bowser  and  Bendix  elements. 

10.  Additive  Exacts 

e.  Fuel  Quality  Parameters 

The  effects  of  various  additives.  FSII .  and  corrosion  inhibitors  on  WS1M  and  1FT  values  were  studied  using 
pre-test  measurements  on  loop-test  fuel.  Oniy  a  few  tests  were  performed  on  fresh  JP-4.  The  great  majority  of  tests  were 
performed  on  JP-5  which  contained  0.15%  FSII.  Generally,  corrosion  inhibitors  were  tested  only  at  minimum  effective 
and  maximum  allowable  concentrations*  in  fresh  JP-5,  and  only  at  maximum  allowable  concentrations  m  clay-treated 
JP-5. 

7.  Effect  off  Si! 

The  relative  effect  of  0. 1 5%  FSII  in  fresh  JP-4,  fresh  JP-5 .  and  clay-treated  JP-5  is  shown  below: 


Fuel 

No.  of  tests 

Mean  WSIM 

Mean  I  FT 

JP4 

2 

100 

40.5 

JP-4 +  0.1 5%  FSII 

3 

93.7 

40.0 

JP-3 

1 

92.0 

40.C 

JP-5 +  0.1 5%  FSH 

6 

87.0 

43.8 

JP-5  (CTt) 

2 

97.5 

47.5 

JP-5  (CT!-)  +  0.15%  FSU 

2 

94.0 

45.0 

*  As  set  forth  in  QPL- 2501 7-7.  NaSul  EDS,  a  formerly  qualified  corrosion  inhibitor,  was  also  tested. 
fCT  =  clay-ireated. 


Performance 

F!  465f 

FIGS} 

Signif 

parameter* 

Mean 

SD 

Mean 

3D 

level,  % 

Avg  AEL,  mg /? 

40 

17 

28 

13 

10-25 

Max  AEL,  mg/? 

88 

31 

52 

33 

10-25 

Avg  solids,  mg /? 

Max  solids,  mg/? 
Element  wt  gain,  g 
Dirt  load  at  20  psi,  % 
Dirt  load  at  40  psi,  % 
Avg  Tctamito: 

Max  Totamitor 


*AJ1  tests  run  according  to  Procedure  13- A  using  clay-treated  1P-S  +  29 
fe/MbM  Lubr  +  0.15%  FSI». 
t  Seven  tests. 

{Four  tests. 


66 


Bkur  of  the  B«zted  annfcer  of  feats,  aa  fins  candMBUt  on  fee  dRWLQadMnsfe.ilappeaei 
that  F5U  tends  to  deem :  WSQi  fer  >3  fkb  tested.  One  wdi  ‘"t***  m  ditre  vfeacfc  «  nteljr  — it 
both  ssater  end  fad  (ft  is  r^Sin  to  affect  the  eterfasni  p*cper=*es.  at  hast  to  *  anl  eaeas . 

For  IFF,  the  effect  of  FS!  s  fas  appweat.  ad  piohaMy  emmu  be  taantf  wThoai  pee- 
forrnir.’  more  tests.  In  the  tests  reposted  itw.  1FT  saasased  for  one  type  efferil.  dectaed  far  sue  type  effadL 
and  remained  essentially  the  same  for  another  type  of  tael 

j2J  Efftct  of  Ctsinvan  iaWtet 


Sst^desaeut  tests  znotriLg  JP-4  fad  pfcs  dfea  wttt  »ot  faad  at  — eafees  The  only 
comparative  WSJjf  and  I  FT  data  ob  comcssu  isti  ir  as  effects  n  iffeen  caacemtions  ae  due  fee  7>  rift  is  C 
m  IP-4  cr.-‘au!«^  i.- J5%  FSil. 


Apia,  dee  to  the  bread  seaK*  of  dio.  oeb  andsaas  on  be  dom.  These  esn 

■So  sfetK  L*2t  MhiklSMnilF^  jet  stenrit  *ai  c^-atndoc  «t  SuHiese  C:  bceno.  a«fe*r  the  FSI)l 
this  coiiosx  ssbsbstor  seesm  to  fat:  a  eesK 

effect  ee  IrT  tinss  oa  «SDI  The  r^e  TABLE  br.  HFFETT  OF  COFROSKA  KHMTORS 

deceases  cased  by  16  SvTfeirf  ot  SaKnsx  C  ®  ELEL  QEAUTT  FARAMElERa 

(expressed  as  percetsa*es  •»  the  atyo»&g 

ZBiKoxanuks  sake)  see  ILK  far  dbe  Fwrt  ttakJE-S  '  &15%  ^S3 


*3M  »  2£JS«5  fee  the  ST. 

Wot  exteteshe  dtniciaS- 
s*  ot.  feb  wrE  fresh  JP-5  •*■  0  I555  FSL 
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by  teofeg  a:  the  ptecs  s  IFT  sad  i’SW  is 
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FIGURE  fc-  EFFECT  OF  CORROSION  INHIBITOR  CONCENTRATION 
ON  QUALITY  PARAMETERS  OF  FRESH 
JP5+O.I5<*  FSII 


In  principle,  it  should  be  possible  to  teiate  concentration  plots  to  the  critical  micelle  concentration  of 
sorf ace-acme  substances,  inruffkien*  data  are  available  to  judge  whether  such  relationships  exist  for  WSIM  or  1FT. 

WSIM  and  I  FT  decreases  for  each  inhibitor  at  the  maximum  concentration  tested  are  expressed  as 
a  percentage  of  the  zeroconcentratiou  value  and  are  listed  oeiow  in  order  of  increasing  effect: 

WSIM  IFT 


Snt 

18-3% 

Sot 

20.3% 

AFA 

30.0% 

RP 

38.1% 

Lubr 

51  4% 

Lubr 

40.0% 

RP 

51.4% 

Tol 

42.5% 

Uni 

64.0% 

Uni 

45.9% 

Td 

65.5% 

AFA 

46.8% 

This  display  shows  that  WSIM  and  IFT  do  not  decrease  at  equivalent  rates  for  every  corrosion 
inhibitor  and  that  certain  inhibitors  affect  one  parameter  to  a  far  greater  degree  than  the  other. 

b.  Element  Performance  Parameters 

The  measures  of  element  performance  that  are  considered  in  the  following  paragraphs  are  (1)  element 
weight  gain,  (2)  percent  dirt  load  at  20  and  40  psi,  (3)  average  and  maximum  AEL  ratings,  (4)  average  and  maximum 
solids  contents,  and  (5)  average  and  maximum  Tolamitor  ratings. 

(1)  Effect  of  FSII  TABLE  64.  EFFECT  OF  FSII  IN  FRESH  FUEL  ON  DIFFERENT 

FILTER-SEPARATOR  PERFORMANCE  PARAMETERS* 

The  effect  of 

FSI  i  (h:  boih  JP-4  and  JP-5)  on  ele-  Mean  values  of  performance  parameters  for  different  concn  of  F SII 

ment  performance  parameters  is 
presented  in  Table  64.  The  only 
group  of  tests  from  which  any  com¬ 
parable  data  could  be  extracted 
were  those  which  had  all  test  condi¬ 
tions  the  same  except  FSII  content 
of  the  respective  fuels.  The  only 
groups  of  tests  which  met  these 
conditions  were  those  which  were 
performed  according  to  Procedure 
iO  with  Filters  Inc  elements  from 
Lot  286.  As  can  be  seen  from  Table 
64  for  both  JP-4  and  JP-5.  »he  only 
parameters  which  were  adversely 
affected  by  the  presence  of  FSil  in 
the  fuel  were  those  concerned  with 
the  solids  retention  capacity  of  the 
element-element  weight  gain,  per¬ 
cent  dirt  load  at  20  psi,  and  percent  dirt  load  at  40  psi.  All  other  performance  parameters  are  measures  of  effluent 
fuel  quality,  these  were  either  unaffected  or  improved  by  the  presence  of  FSII.  However,  improvement  of  the 
parameters  may  be  fortuitous  due  to  the  extreme  variability  of  these  parameters  and  the  limited  number  of  tests. 

(2)  Effect  of  Corrosion  Inhibitors 

In  JP-4  fuel,  effects  on  performance  parameters  could  be  determined  for  only  one  inhibitor, 
Santolene  C.  The  results  of  tests  run  on  three  different  concentrations  of  this  inhibitor  in  JP-4  -t  0.15%  FSI!  are 


Parameters 

Fresh  JP-4 

Fresh  JP-5 

0%FSII 
(2  tests) 

0.15%  FSII 
(3  tests) 

0%  FSII 
(1  test) 

0.15%  FSII 
(3  tests) 

Element  wt  gain,  g 

642 

540 

418 

317 

%  divt  at  20  psi 

346 

308 

186 

151 

%  dirt  at  40  psi 

390 

347 

209 

152 

Avg  AEL  rating 

2 

2 

2 

0 

Max  AEL  rating 

7 

4 

3 

0 

Avg  solids,  mg/2 

0.10 

0.02 

0.08 

0.02 

Max  solids,  mg/2 

0.26 

0.04 

0.21 

o 

o 

Avg  Tot  rating 

0 

0 

0 

3 

Max  Tot  rating 

0 

1 

0 

0 

*  All  tests  were  performed  according  to  Procedure  10  using  FI  286  elements. 
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TABLE  65.  EFFECT  OF  SANTCLENE  C  CONCENTRATION 
IN  JP-4  ON  DIFFERENT  FILTER-SEPARATOR 
PERFORMANCE  PARAMETERS* 

Mean  values  of  performance  parameters  for  different  concn  ofSnt 


shown  in  Table  65.  In  general,  increasing 
the  concentration  of  Santoiene  C  affected 
adversely  every  measure  of  element  per¬ 
formance  except  Totamitoi  ratings,  and, 
as  was  the  case  for  FSII,  this  phenome¬ 
non  was  particularly  evident  in  element 
parameters  relating  to  solids  retention 
capacity. 

When  considering  the 
relative  effect  of  corrosion  inhibitors  on 
JP-5,  the  conditions  under  which  every 
qualified  inhibitort  was  tested  were  as 
follows:  clay-treated  fuel  +0.15%  FSII, 
Procedure  13-A,  and  Filters  Inc  elements 
from  Lot  465.  Table  66  shows  the  mean 
values  of  every  parameter  for  each  corro¬ 
sion  inhibitor  as  well  as  the  relative  rank 
of  each  inhibitor  with  respect  to  any 
given  parameter. 

The  tabulated  results 
strongly  suggest  that  there  is  considerable 
difference  in  the  effects  of  the  various 
inhibitors  on  filter-separator  performance.  The  inhibitors  are  arranged  in  order,  from  left  to  right,  of  overall 
increasing  deleterious  effect  on  filter-separator  performance.  Because  of  the  small  number  of  tests  on  three  of  the 
corrosion  inhibitors  and  the  fact  that  all  of  the  data  were  obtained  from  tests  with  one  manufacturer’s 
filter-separator  elements,  it  is  not  possible  to  conclude  that  the  relative  ranking  will  be  generally  true. 


Parameter 

0  Ib/Mbbl 
(3  tests) 

4  Ib/Mbbl 
(3  tests) 

16  lb/Mbbl 
(2  tests) 

Element  wt  gain,  g 

540 

394 

285 

%  dirt  at  20  psi 

308 

188 

113 

%  dirt  at  40  psi 

M7 

225 

138 

Avg  AEL  rating 

2 

2 

6 

Max  AEL  rating 

4 

5 

6 

Avg  solids,  mg/£ 

0.02 

0.05 

0.04 

Max  solids,  mg/£ 

0.04 

0.08 

0.06 

Avg  Tot  rating 

0 

0 

0 

Max  Tot  rating 

1 

0 

0 

*A11  tests  were  perfomed  according  to  Procedure  10,  using  FI  286 
elements  and  JP-4  +  0.15%  FSII. 


TABLE  66.  RELATIVE  EFFECT  OF  CORROSION  INHIBITORS  ON  DIFFERENT 
FILTER-SEPARATOR  PERFORMANCE  PARAMETERS* 


Parameters 

AFA 

16  lb/Mbbl 
(9  tests) 

RP 

20  lb/Mbbl 
(9  tests) 

To! 

2C  Ib/Mbbl 
(2  tests) 

Snt 

16  lb/Mbbl 
{5  tests) 

Uni 

20  lb/Mbbl 
(3  tests) 

Lubr 

20  lb/Mbbl 
(7  tests) 

Mean 

Rank 

Mean 

Mean 

Rank 

Mean 

Rank 

Mean 

Rank 

Element  wt  gain.g 

240 

1 

239 

2 

126 

6 

202 

3 

176 

4 

170 

%  Dirt  at  20  psi 

115 

2 

116 

1 

66 

6 

91 

3 

86 

5 

88 

%  Dirt  at  40  psi 

120 

2 

121 

1 

66 

6 

108 

3 

87 

5 

88 

Avg  AEL  rat'ng 

10 

1 

21 

4 

13 

2 

15 

3 

26 

5 

40 

Max  AEL  rating 

19 

1 

45 

5 

25 

2 

27 

3 

41 

4 

88 

Avg  solids,  mg/¥ 

0.10 

1 

4 

0,i6 

3 

059 

5 

0.15 

2 

0.68 

Max  solids,  mg /£ 

0,20 

1 

0.32 

4 

0.23 

3 

2.20 

mm 

0.22 

2 

1.03 

5 

Avg  Tot  rating 

o 

1 

2 

2 

2 

6 

Kfl 

6 

4 

4 

Max  Tot  rating 

1 

— —  . 

J 

11 

3 

6 

2 

20 

SI 

6 

26 

•All  tests  were  performed  according  so  Procedure  13-A  suing  FI  465  clomenls  and  clay- treated  JP-S  *  0.13%  FSII.  Each  conoakin 
inhibitor  »  a*  tes’eJ  at  maximum  allowable  concentration  rtatad  in  QPL-25017-7 


t  According  to  QPL- ’501 7-7 
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11.  RaUttonshipt  Batwatn  Clamant  Parformanca  Parameters 

The  relationships  which  exist  between  different  clement  performance  parameters  were  investigated  by 
means  of  correlation  and  regression  analysis,  and  results  of  these  investigations  are  reported  in  this  section. 
Among  the  element  performance  parameters  that  are  compared,  are  element  dirt  load  at  20  and  40  psi,  as 
well  as  the  following  measures  of  effluent  fuel  quality:  average  and  maximum  AEL  rating;  average  and 
maximum  solids  content;  average  and  maximum  Totamitor  reading. 

Considering  those  tests  which  had  the  same  combinations  of  fuel,  additives,  element,  and  procedure,  ten 
correlation  calculations  were  performed  as  follows: 

(1)  average  AEL  rating  vs  average  solids  content 

(2)  average  AEL  rating  vs  average  Totamitor  reading 

(3)  average  solids  content  vs  %  dirt  load  at  20  psi 

(4)  average  solids  content  vs  %  dirt  load  at  40  psi 

(5)  average  solids  content  vs  average  Totamitor  reading 

(6)  average  Totamitor  reading  vs  %  dirt  load  at  20  psi 

(7)  average  Totamitor  reading  vs  %  dirt  load  at  40  psi 

(8)  maximum  AEL  rating  vs  maximum  soiids  content 

(9)  maximum  solids  content  vs  maximum  Totamitor  reading 

(10)  maximum  Totamitor  reading  vs  maximum  AEL  rating. 

With  these  giouping  conditions  applied,  only  calculations  number  2,  6,  and  10  resulted  in  any 
noticeable  trend  of  correlation.  Table  67,  which  shows  results  of  correlation  calculations  for  average  AEL 
rating  and  average  Totamitor  reading,  indicates  that  positive  correlation  exists.  Most  of  the  correlation  coeffi¬ 
cients  are  high  and  statistically  significant;  they  are  also  all  positive.  These  remits  indicate  that,  for  every 
combination  of  conditions  on  which  these  calculations  were  performed,  the  Totamitor  reading  varied  directly 
with  the  AEL  ratings.  A  look  at  the  regression  tquations,  also  shown  in  Table  67,  indicates  that  all  of  the 
regression  coefficients  lie  in  the  range  of  0.1  to  0.5. 

Results  of  efforts  to  correlate  average  solids  content  with  average  Totamitor  reading  for  the  same  com¬ 
binations  were  not  as  productive  of  consistent  results.  Out  of  eleven  correlation  coefficients  obtained,  five  are 
positive  . and  six  negative.  It  cannot,  however,  be  concluded  from  these  results  that  the  average  Totamitor 
reading  is  not  influenced  by  the  average  solids  content.  In  fact,  the  contrary  is  true,  as  will  be  shown  in  the 
following  paragnphs.  It  can  be  concluded  that  the  effect  of  solids  on  Totamitor  reading  is  subject  to  a  great 
deal  more  scatter  than  that  of  free  water.  Tne  effect  of  solids  is  far  less  precise  than  the  effect  of  water  on 
Totamitor  reading 

T  "elation  coefficients  for  maximum  Totamitor  reading  vs  maximum  AEL  rating  were  generally  positive, 
but  generally  not  statistically  significant.  Results  (shown  in  Table  68)  indicate  that  for  most  combinations 
tried  (13  out  of  17)  the  maximum  Totamitor  reading  varied  directly  with  the  maximum  AEL  rating.  Because 
of  the  greai  variability  of  results,  the  regression  equations  are  not  presented.  Maximum  solids  content  vs 
maximum  Totamitor  reading  calculations  proved  even  less  consistent  with  nine  correlation  coefficients  being 
positive  and  nine  being  negative.  These  facts  merely  support  tne  conclusion  that  free  water  has  a  more  precise 
and  reproducible  effect  on  Totamitor  readings  than  does  solids  content. 
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TABLE  67.  CORRELATION  BETWEEN  AVERAGE  AEL  AND 
AVERAGE  TOT  AMI  TOR  RATINGS 

JP-5  Fuel  Blend* 


Catt 

Cones. 

FSI. 

Eknest 

No.  of 

Wtftmcu 

CsntMon 

Cacffiacnt  j 

inhtb 

Ib/UbU 

6 

Mtatifiatiae 

tots 

equation 

COtffidBM 

•park'd.*  , 

Untreated  j 

>6 

0.15 

FI  2*6 

15 

T-O.IA-ai 

0J9 

<0l1 

Salt 

16 

a«j 

FI  440 

9 

— 

— 

— 

afa 

4 

aic 

FI  465 

5 

T  -  OJA  ♦  0 J 

0J5 

2-5 

RJ> 

20 

ais 

FI  465 

L  4. 

- 

- 

Qty-tmttd 

Sol 

16 

mr 

H465 

T»0-Sa-I-7 

<W9 

Snl 

16 

0.15 

Fr 

4 

T*04A-  16.6 

0-80 

Snl 

16 

0.15 

Bn 

4 

— 

- 

— 

Snt 

16 

0.15 

Bw 

4 

T  *0.1  A  -  I  JO 

CJ9 

2-5 

AFA 

16 

0.15 

FI  465 

9 

— 

- 

— 

AFA 

16 

0.1  S 

Ft 

4 

— 

AFA 

16 

0.15 

Bn 

4 

— 

AFA 

16 

0.15 

Bw 

4 

T-O.IA-  2.1 

0.94 

1-2 

Lubr 

20 

0.15 

FI  465 

7 

T*0.!A  -  2j0 

0l67 

5-10 

Lubr 

20 

0.15 

FIGS 

4 

T  =  0.1A-2^ 

039 

2-5 

Lubr 

20 

0.15 

Fr 

4 

t  =  oja+&2 

OM 

5-10 

Lubr 

2C 

0.15 

ft) 

* 

T  -  0.2.4  +11.2 

0jb9 

>10 

Lubr 

20 

0.15 

Bw 

4 

T«0.4A*Ol4 

036 

5-10 

RP 

20 

0-15 

FI  465 

9 

T-022A-  ! Jb 

096 

ai-: 

Salt 

16 

0.15 

FI  465 

5 

~ 

. 

•Toted  xxorff  to  pfocud—t  13-Ao^not 
tfioctdue  JO. 
thocedoic  13-J. 

TABLE  68.  CORRELATION  BETWEEN  MAXIMUM  TOTAMITOR 
READINGS  AND  MAXIMUM  AEL  RATINGS 


JP-5  Fuel  Blend* 


Corr 

Coocn, 

FSli. 

Be<nMi< 

No.  of 

Contbboo 

Codlidenl 

inhib 

?b/Mbbl 

* 

identifier  non 

lesis 

coefficient 

i  Untreated  ! 

Sort 

16 

0.15 

FI  286 

>5 

0-69 

0.1-1  j 

Sett 

16 

0.15 

FI  440 

9 

-007 

>10 

afa 

4 

0.10 

FI  465 

5 

0.66 

>10  1 

RP 

20 

0-15 

FI  465 

4 

0.99 

Oil  | 

Cky-maied 

Snt 

16 

0.15 

FI  465 

5 

0.99 

<oi  I 

Snt 

!6 

0.15 

Fr 

4 

- 

i 

Snt 

16 

0.15 

Bn 

4 

-0.99 

0.1-1  j 

Snt 

16 

0.15 

Bw 

4 

084 

5-io  ; 

AFA 

16 

0.15 

FI  465 

9 

-an: 

>i0 

AFA 

16 

0.15 

Fr 

4 

0.4! 

>10 

AFA 

16 

0.15 

Bn 

4 

-0S5 

5-10 

AFA 

16 

0.15 

Bw 

4 

0.41 

>10 

lubr 

20 

0.15 

F!  465 

7 

040 

>10 

Lubr 

20 

0.15 

FI  GS 

4 

0.94 

1-2 

Lubr 

20 

0.15 

Fr 

4 

0.01 

>10 

Libr 

20 

015 

Bn 

4 

001 

>10 

Lubf 

20 

0.15 

Bw 

mm 

1 

RP 

20 

0.15 

FI  465 

1 

Snt; 

l 

16 

0.15 

FI  465 

5 

_ 

L_>IG 

•Tested  according  to  procedure  13-A  oaks*  ortenrac  rrtei 

t  Procedure  10.  I 

jPtceedure  13-1- 
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Avenge  Totamitor  readings,  when  compared  with  percent  dirt  load  at  20  and  40  psi.  were  found  to  decrease  as 
percent  dirt  load  increased  for  12  out  of  16  combinations-  This  effect  can  possibly  be  interpreted  a  foBows.  As  the 
eferunt  encounters  more  solid  contaminant,  its  efficiency  in  removing  solids  mey  be  unproved  due  to  an  effective 
reduction  in  pore  tat  by  the  buildup  of  a  cake  of  solids  within  die  media-  This  effect  is,  however,  self-limiting,  and 
rupture  of  the  element  is  bound  to  occur  if  the  amount  of  solids  becomes  sufficient  to  severely  restrict  f.wi  flow  through 
the  element.  This  effect  does  not  necessarily  have  to  impair  the  water-removing  efficiency  of  the  cfcrnsat.  It  is  plausible 
that  tve  effect  of  dirt  knding  on  element  performance  as  represented  by  Totamitor  readings  may  not  be  the  same  for 
difTere'l  manufacturer's  dements.  However,  no  detectable  difference  in  the  behavior  of  different  dements  with  respect 
to  this  correlation  could  be  observed.  The  results  of  these  correlation  calculations  are  presented  in  Table  69. 

Results  of  similar  attempts  to  correlate  average  solids  content  with  percent  dirt  at  20  and  40  psi  art  shown  below. 

Parameters  compared  Correlation  coefficients 

Avg  solids  vs  %  dirt  (20  psi)  10  pas.9  neg 

Ave  solids  vs'*  dirt  (40  psi)  1 1  pcs,  8  neg 

TABLE  69.  CORRELATION  BETWEEN  AVERAGE  TOTAMITOR  READING  AND 
*  T-1RT  LOAD  AT  20  .AND  40  PSI 

JP-5  Fud  Blend* 


No.  of 
tests 


j  Average  Totamitor  reading 

1  vs  %  dirt 

1  load  at  20  psi 

vs%dirt 
lo-d  at  40  psi 

Con 

coef 

Sigmf 
level.  % 

Corr 

coef 

Signif 

level.  7; 

•Tested  u  cording  to  procedar;  13- A  unless  otherwise  noted, 
t  Procedure  10. 
t  Procedure  13-J 


For  ail  but  two  carabmatioos,  the  coefiirieats  were  not  statistically  significant;  iti  the  two  cases  foi  which  the 
coeffk'jenu  were  significant,  they  were  of  dtff»rt<3t  sign. 

A  knowledge  of  whether  coalescence  and  filtration  failures  generally  occur  shnultaaecusty  wfis  thought  to  be 
useful  in  rating  element  performance. 

Efforts  to  correlate  AEL  ratings  with  solids  contents,  either  for  the  average  or  the  maximum,  gave  no 
conclusive  results  for  the  combinations  tried.  Below  is  a  summary  of  results  obtained: 

Parameters  compared  Correlation  coefficients 

Avg  AEL  vs  avg  solids  13  pas.  6  neg 

Max  AEL  vs  max  solids  13  pos,  5  neg 

« 

in  these  comparisons,  most  correlations  were  not  statistically  significant.  Of  those  that  were  statistically  significant, 
some  were  positive  and  some  negative  coefficients.  Therefore,  it  is  impossible  to  determine  conclusively  whether 
coalescence  and  filtration  failures  tend  to  occur  simultaneously  on  the  basis  of  the  test  conditions  used. 


TABLE  70.  CORRELATION  BETWEEN  AVERAGE 
AEL  RATING  AND  AVERAGE 
SOLIDS  CONTENT 


Con 

inhib 

Other 

additive 

Element 

No.  of 

tests 

Correia  tkvi 
coefficient 

Coefficient 
agnif  level.  % 

none 

rooe 

FI  286 

9 

037 

>10 

none 

PtL 

FI  440 A 

5 

0.77 

5-10 

none 

PtCR 

F144QA 

8 

033 

<0.1 

none 

NA-1 

FI  465 

4 

-036 

>10 

Snt 

none 

FI  286 

22 

001 

>10 

Sni 

new 

FI  440 

13 

038 

0.1 

Sot 

none 

Ft  465 

12 

0.97 

<0.1 

Snt 

no se 

FI  516 

5 

0.70 

>10 

Sni 

none 

Fr 

4 

-035 

>10 

Snt 

none 

Bn 

4 

0-88 

5-10 

Set 

none 

Bv 

4 

0.17 

>10 

Sm 

none 

FI  44GA 

10 

0.73 

1 

AFA 

none 

FI  440 

13 

-0.46 

1C 

AFA 

none 

FI  465 

18 

0.23 

>10 

AFA 

none 

Fr 

4 

035 

>10 

AFA 

none 

bn 

4 

0.00 

>10 

AFA 

none 

Bw 

4 

-0.42 

>10 

AFA 

none 

FI440A 

10 

C30 

>10 

Tol 

none 

FI  440 

6 

0.27 

>10 

Lubr 

rone 

FI  44  C 

4 

-0.85 

5-10 

Lubr 

none 

FI  465 

7 

0.04 

>10 

Lubr 

none 

FIGS 

4 

03*t 

>10 

Lubr 

israe 

Ft 

4 

-0.53 

Lubi 

none 

Bn 

4 

-0.06 

>10 

Lubr 

non* 

Bw 

4 

034 

>i0  1 

RP 

HOT 

Fi  440 

1! 

034 

0.1-5  ! 

RP 

none 

H  465 

13 

0.1 1 

>10 

RP 

none 

FI44GA 

5 

0.46 

>10 

EDS 

none 

FI  440 

4 

0.28 

>10 

Uni 

none 

FI  440 

4 

-C.44 

i  -0 

Uni 

none 

FI  4404 

8 

-0.03 

_ 

>10 

All  of  the  results  discussed  in  the  pre¬ 
ceding  paragraphs  were  obtained  from  all 
groups  of  four  or  more  tests  which  had  the 
same  combinations  of  fuel,  additives,  element, 
and  procedure;  therefore,  in  most  cases,  the 
results  are  derived  from  a  small  number  of  tests. 
Because  of  the  inherent  variability  of  the  mea¬ 
surements  being  considered,  true  relationships 
between  different  parameters  can  be  obscured 
when  only  a  few  sample-tests  are  investigated. 
In  an  effort  to  increase  the  number  of  tests  for 
a  given  comparison,  certain  conditions  for 
grouping  were  relaxed;  this  resulted  in  the  fol¬ 
lowing  findings. 

By  considering  those  groups  of  tesu 
which  had  only  the  same  combinations  of  addi¬ 
tives  and  elements  (without  restricting  tes;  pro¬ 
cedure),  the  genera!  trend  of  correlation  be¬ 
tween  average  AEL  rating  and  average  solids 
content  is  not  substantially  improved.  Table  70, 
which  presents  the  results  of  correlation  cal¬ 
culations  on  these  groups,  shows  that  nine  of 
thirty-one  coefficients  are  negative.  Considering 
only  those  which  are  statistically  significant 
(5%  probability  of  a  greater  correlation  coeffi¬ 
cient  occurring  by  chance),  there  are  six  posi¬ 
tive  coefficients  and  only  one  negative.  This 
suggests  *hat  in  most  cases  there  is  a  trend 
toward  simultaneous  coalescence  and  filtration 
failure:  however,  no  pattern  of  better  or  worse 
correlation  for  differed  element  lots  or  dif- 
fc.ent  corrosion  inhibitors  could  be  detected. 

Considering  groups  of  tests  which  had  the 
same  combinations  of  solids,  fuel,  and  additives 
(without  restricting  tire  type  of  elements)  like¬ 
wise  did  not  improve  the  correlation.  Eight  of 
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twenty  correlation  coefficients  were  negative;  only  three  of  the  positive  and  one  of  the  negative  coefficients  were 
statistically  significant.  The  results  are  shown  in  Table  71 


TABLE  71 .  CORRELATION  BETWEEN  AVERAGE  AEL  RATING  AND  AVERAGE 
SOLIDS  CONTENT  (DISREGARDING  ELEMENT  LOT) 


Fuel 

Core 

inhib 

Other 

additive 

Type  of 
solids 

No.  of 
tests 

Correlation 

coefficient 

Coefficient 
signif  level,  % 

JP4 

none 

none 

coarse  AC  dust 

5 

0.07 

>10 

JP4 

none 

ASA 

coarse  AC  dust 

5 

-0.09 

>10 

JP4 

Snt 

none 

coarse  AC  dust 

5 

0.42 

>10 

JP  5 

none 

none 

coarse  AC  dust 

4 

0.73 

>10 

JP-5 

none 

none 

RIO  (Ml 6) 

3 

0.87 

>10 

JP-5 

none 

PtL 

coarse  AC  dust 

5 

0.77 

5-10 

JP-5 

none 

PtCR 

coarse  AC  dust 

8 

0.94 

<0.1 

JP-5 

none 

NA-1 

coarse  AC  dust 

4 

-0.26 

>10 

JP-5 

Snt 

none 

coarse  AC  dust 

48 

0.41 

0.1-1 

JP-5 

Snt 

none 

fine  AC  dust 

15 

0.22 

>30 

JP-5 

AFA 

none 

coarse  AC  dust 

35 

-0.06 

>10 

JP-5 

AFA 

none 

fine  AC  dust 

12 

0.14 

>10 

JP-5 

AFA 

none 

RIO  (R-9998) 

5 

-0.88 

2 

JP-5 

Tol 

none 

coarse  AC  dust 

7 

-0.56 

>10 

JP-5 

Lubr 

none 

coarse  AC  dust 

26 

-0.24 

>10 

JP-5 

RP 

none 

coarse  AC  dust 

18 

0.28 

>10 

JP-5 

RP 

none 

fine  AC  dust 

10 

0.54 

5-10 

JP-5 

Uni 

none 

coarse  AC  dust 

6 

0.94 

<0.1 

JP-5 

Uni 

none 

fine  AC  dust 

5 

-0.19 

>10 

JP-5 

Uni 

none 

50%  coarse,  50%  fine 
AC  dust 

n 

! 

-0.25 

>30 

- 

By  considering  all  effluent  fuel  samples  (A,  B,  and  C)  for  all  the  tests  reported  herein,  without  regard  to  test 
conditions,  the  following  correlation  coefficients  for  Totamitor  reading  vs  AEL  rating  and  Totamitor  reading  vs 
solids  content  are  obtained. 


Totamitor  reading  vs 

Totamitor  reading  vs 

AEL  rating  (750  samples) 

solids  content  (759  samples) 

r  Level  of  signif 

r  Level  of  signif 

0.69  «0.1% 

0,27  <0.1% 

Regression  equation  Tot  =  0.6  AEL  +  0.5;  Tot 

=  1.7  solids  +  5.2 

fhe  plots  of  the  regression  equations  are  shown  in  Fi  'urc  7.  As  can  be  seen,  the  slope  of  the  line  associated 
with  solids  content  is  much  steeper  than  that  concerned  with  AEL  rating.  This  suggests  that  solids  content  has  a 
much  more  pronounced  effect  on  Totamitor  readings  than  uoc.>  free  water.*  However,  free  water  has  a  much  more 
precise  and  consistent  effect  on  Totamitor  readings,  as  was  noted  earlier. 


*This  tentative  conclusion  obviously  applies  only  to  the  specific  conum;.'  mts  and  test  conditions  in  ;his  program.  Here.  <olid 
material  in  the  effluent  will  tend  to  be  the  finer  fraction  of  the  solid  contaminant,  and  water  in  the  effluent  will  tend  to  be  partially 
coalesced,  medium-size  droplets  that  are  entrained  through  the  separator.  When  these  conditions  apply,  i.e.,  so  long  as  the  element 
has  not  suffered  gross  failure,  the  solids  will  have  a  greater  effect  on  light  scattering  than  will  equal  concentration  of  free  water 
Where  failure  is  more  severe,  these  relative  effects  are  likely  to  he  reversed 
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FIGURE  7.  CORRELATIONS  BETWEEN 
TOTAMITOR  RATINGS  AND  SOLIDS 
CONTENTS  AND  AEL  RATINGS 


TABLE  72  CORRELATION  BETWEEN  AVERAGE 
SOLIDS  +  AVERAGE  AEL  AND  AVERAGE 
TOTAkITOR  READING 


Fuel 

Corr 

fcihlb 

Concn 

Ib/Mbbi 

No.  of 
test* 

Correlation  coefficient 

Value 

Signif  level,  %  | 

JP4 

none 

■9 

0.89 

0.1-1 

JP-4 

AFA 

4 

19 

-0.09 

>10 

JP-5 

none 

0 

H 

0.78 

<01 

JP-S 

Snt 

4 

■9 

0.99 

<0.1 

JP-5 

Snt 

16 

mm 

0.58 

<0.1 

JP-5 

AFA 

4 

> 

0.76 

I 

JP-S 

AFA 

10 

4 

0.47 

>10 

■  ' 

AFA 

16 

44 

0.17 

>10 

■ 

Tol 

20 

6 

0.58 

>10 

JP-5 

Lubr 

20 

28 

0.40 

2-5 

JP-S 

R? 

20 

27 

0.81 

<0.1 

JP-5 

EDS 

14.5 

4 

0.00 

>10 

JP-5 

Uni 

U 

5 

0.99 

<0.1 

JP-5 

Uni 

T) 

10 

0.92 

<0.1 

When  average  Totamitor  is  compared  to  the  sum  of  average  solids  content  and  average  AEL  rating,  good 
positive  correlation  is  obtained.  Table  72  shows  the  resulting  correlation  coefficients  when  only  those  tests  which 
have  the  same  fuel  corrosion  inhibitor  blends  3re  compared.  Of  fourteen  coefficients,  only  one  is  negative  and  one  is 
zero.  With  all  grouping  restrictions  removed  except  type  of  fuel,  the  following  correlation  coefficients  are  obtained: 


Fuel 

Correlation  between  Totamitor  and  AEL  +  solids  content 

Coefficient 

Level  of  signif 

Regresi  or,  equation 

JP-4  {24  tests) 

0.63 

<0.1% 

T  =  0.1  (A  +S)  -  0.2 

JP-5  (251  tests) 

0.53 

«0.1% 

T  =  0.3  (A  +S)  +  0.7 

0  At  L  +  *of*d»,  m(j/C 

FIGURE  8.  AVERAGE  TOTAiVliTOR  READING  VS 
AVERAGE  AEL  RATING  +  AVERAGE  SOLIDS 
CONTENT  FOR  JP-4  AND  JP-5 


Plots  of  the  regression  equations  are  shown  in  Figure  8. 
These  data  indicate  that  Totamitor  readings  are  more  sensi¬ 
tive  to  changes  in  contamination  level  of  JPG  than  of  JP4. 
This  relationship  is  applicable  only  to  the  tesis  in  this  par¬ 
ticular  program  and  may  be  fortuitous. 

1 2.  Comparison  of  T est  Procedures 

Twenty-nine  different  loop  test  procedures  were  used 
in  obtaining  the  data  presented  in  this  report.  Many  of 
these  procedures  were  used  only  once  or  twice,  so  that  no 
comparisons  of  relative  severity  can  be  obtained.  Among 
the  procedures  used  in  a  greater  number  of  tests,  direct 
comparisons  of  procedure  severity  are  invalidated  in  many 
cases  because  of  differences  in  fuel,  additive,  or  element  lot. 
Direct  comparisons  of  procedure  severity  are  valid  in  only 
three  cases,  in  which  Procedure  13-J  is  compared  with  Pro¬ 
cedures  10,  13 -hi.  or  13-A.  It  will  be  recalled  that 
Procedure  10,  using  coarse  AC  dust,  is  fairly  similar  to 
the  MiL-F-890iA  inhibited-fuel  procedure,  and  the 
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others  follow  a  “dirt-first"  schedule  with  coarse  AC  dust  (13- A),  One  AC  dust  (13-1).  or  a  SO-SO  mixed  dus* 
(13-N). 


These  comparisons  are  listed  in  Tables  73  through  75.  Inspection  of  these  comparative  data  reveals  that 
the  parameters  related  to  element  plugging,  i£.,  solids  retention  capacity  (percent  dirt  load  and  element  weight  gain) 
behaved  differently  than  the  parameters  related  to  effluent  cleanliness  (solids  and  water  contents  and  Totamitor 
readings).  Statistical  significance  of  the  differences  in  test  procedure  severity  cannot  be  assessed  for  two  of  the  three 
comparisons  because  of  insufficient  number  of  tests  by  one  procedure  or  the  other.  Qualitatively,  the  procedure 
severities  line  up  as  shown  In  the  following  tabulation,  where  statistical  significance  of  differences  is  shown  rs  NS 
(not  significant),  VHS  (very  highly  significant),  or  U  (unknown,  insufficient  data): 


Procedure 

13-J  more  severe  or  leu  severe  ! 

Effluent 

cleanliness 

Solids 

capacity 

13-J  v»  13-N 

More(U) 

Same  (U) 

13-J  vs  13-A 

Leu  (NS) 

Wore  (VHS) 

i3-Jvs  10 

More  (U) 

Same  (U) 

One  would  expect  Procedure  1 3-1  to  be  the  most  severe,  since  this  procedure  includes  the  use  of  the  finest  of 
the  test  contaminants.  In  terms  of  solids  capacity,  the  data  are  in  agreement  with  dus  expectation,  since  the  sole 
significant  difference  indicates  Procedure  13-1  to  be  more  severe  than  13-A.  In  the  parameters  related  to  effluent 
cleanliness,  statistical  significance  cannot  be  ascribed  to  the  differences  observed,  but  qualitative  differences  in  the 
direction  of  greater  severity  for  1 3-1  are  noted  in  two  out  of  three  cases.  These  differences  in  effluent  cleanliness  are 
across-the-board;  i.e.,  in  a  given  comparison  of  two  procedures,  the  solids  and  water  contents  and  the  Totamitor 
readings  all  pointed  in  the  same  direction. 

The  comparison  of  Procedure  13d  with  13-A  gave  quite  a  different  picture  of  relative  severity  than  did  the 
comparisons  of  13-1  with  13-N  or  10.  The  major  difference  was  in  the  plugging  behavior  (solids  retention  capacity), 
as  illustrated  by  the  following  list  of  dirt  loads  at  40  psi: 


13-J  vs  13-N 

13-J  vs  13-A 

13  J  vs  10 

%  dirt  load  at  40  psi: 

13-J 

112 

63 

114 

13-N 

113 

13-A 

108 

10 

1IG 

JP-S  clay -treated 

No 

Yes 

No 

Corrosion  inhibitor 

AFa 

Snt 

Snt 

Element  lot  no. 

L— - 

440A 

4t>5 

440 

In  the  1 3-1  tests  used  foi  comparison  with  1 3  A,  the  plugging  war.  much  more  severe  than  in  any  of  the  other 
:<?sU  by  any  procedure,  including  13-J  reasons  for  this  difference  are  not  teadily  apparent,  in  these  particular  13-J 
tests,  the  fuel  was  clay-treated,  and  the  elements  came  from  a  different  lot  than  those  used  at  the  other  tests.  Thus, 
the  rapid  plugging  observed  with  fine  AC  dust  in  lhasc  13-1  tests  is  evidently  not  3  general  phenomenon  hut  is 
specific  for  certain  combinations  of  test  materials 

Similar  comparisons  in  Table  76  indicate  little  difference  in  average  \hl  ratings  for  tests  run  with  dif¬ 
ferent  solid  contaminants,  except  tnat  significantly  higher  AEL  ratings  were  obtained  with  coarse  AC  dust  than 
with  either  fine  red  iron  oxide  (1-116)  or  ground  iron  ore  Coarse  AC  dust  and  pound  non  ore  were  used  tn 
comparable  p-ocedures  (Procedure  1 3  type)  and  the  comparisons  may  be  valid  live  fine  red  iron  oxide  ti  l  16)  was 
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TABLE  73.  COMPARISON  OF  PROCEDURES  13-J  AND  10 


Fuel  JP-5 

CctrcoKw  mhibnor :  ib  Ib/Mbbl  Sol 
FSll:  0.159 
Element  lot:  FI  440 


- : — 

Pesfoemance  . 
parameter 

Proc  ‘3-J 

Proc  10 

No.  of 

tens 

Mea.i 

S3 

No.  of 
lea* 

Mean 

Dirt  load  at  20  ps . 

3 

U4 

153 

n 

91 

Dirt  load  at  40?®,  % 

3 

114 

153 

Mm 

110 

Avg  AEL  rating,  ng/t 

3 

10 

85 

1 

2 

Max  AEL  rating,  mg/t 

3 

31 

9.0 

KB 

4 

Avg  solids  content,  mg/t 

3 

0.11 

KB 

0.05 

Max  solids  content,  mg/t 

3 

0J6 

0.19 

( 

0.11 

A/f  Totamitor 

3 

6 

98 

mm 

t) 

Max  Toumitoc 

3 

_ 

34 

56.6 

n 

1 

TABLE  74.  COMPARISON  OF  PROCEDURES  13-J  AND  13-N 


Fuel  JP-5 

Corrosion  inhibitor:  16  Ib/Mbbi  AFA 
FSll  0.159 
Element  lot:  FI  440A 


Performance 

parameter 

ftsK.  13-J 

Proc  13-N 

No.  of 
tests 

Mean 

SD 

No.  of 

tests 

Mean 

i 

j 

SD 

Dirt  load  a!  30  psi.  % 

3 

105 

5.7 

3 

107 

272 

Dirt  load  at  40  psi.  % 

3 

112 

13.1 

2 

113 

20.7 

Avg  AEL  rating,  mg/f 

3 

27 

2a  .9 

3 

13 

42 

Max  AEL  rating,  mg/t 

3 

68 

55.4 

3 

24 

11-0 

Avg  solids  content ,  mg/? 

3 

3.20 

1.86 

3 

1.90 

1.84 

Max  solids  content,  mg/t 

3 

7.76 

536 

3 

6.40 

Avg  Totamitor 

3 

10 

43 

3 

6 

7.9 

Max  Totamitor 

3 

69 

51.4 

3 

29 

li!2 

TABLE  75.  COMPARISON  OF  MEAN  ELEMENT 
PERFORMANCE  PARAMETERS  FOR  PRO¬ 
CEDURES  1 3-J  AND  1 3- A  TESTS 


Parameter  values  for 

Level  of 

Per  for  n  *a  nee 

indicated  procedures 

* 

significance  of 

parameter 

iwt 

13- At 

difference  in 

Mean 

SD 

Mean 

SD 

mean.  % 

Element  wi  gain,  g 

I  2*J 

8 

302 

16 

<0.1 

7c  Dirt  at  20  psi 

63 

3.-1 

91 

<0.1 

7r  Dirt  at  40  psi 

63 

4.7 

108 

24  5 

<0.1 

Avg  AEL,  mg/? 

■mu 

2.4 

15 

243 

>50 

Mix  AEL.  mg/f 

BEEIt 

4.1 

37 

41.0 

25-50 

Avg  solids,  mg/t 

■L-  . ; £ 

0.10 

0.59 

25-50 

Mux  solids,  mg/? 

mmm 

2.20 

4.67 

Avg  Totamitor 

0.4 

6 

12.9 

25-50 

Max  Totamitor 

_ 

3 

1.0 

30 

44.2 

U 

25-50 

•  All  (cM>  tonJuclcd  on  clay-treated  JP-5  fuel  with  lf»  Ih/MbbI  Snt  +  0.15'-  LSH 
uhinp  I  I.  I  ot  4h5  elements. 


TABLE HE  MEAN  AVERACfc  AEL  RATINGS  FOR 
DSTEKENT  Tff=S  CF  SOLE* 


TABLE  MEAN  AVERAGE  SCUDS  CONTENTS 
FOR  DIFFERENT  TV?ES  OF  SCUDS 


used  in  only  fs®  tesa  fctd  ss  the  table  £iu  three  of  these  mr  nx  icacca;  M  hcvasc!  1 2-  a  esseztoRy 
-fee  MIL  F-8901A  red  iron  oxide  tmisoE  rfcn  -!  is.  (fea?.  cocssirisass  beewees  rsssa  fnss  aa 
coarse  AC  dust  rod  See  red  iron  oxide  ere  probably  lot  qM 

Table  77  indicates  that  mean  average  setds  cog  lent  was  agcSaL-th-  s^as  nits  fine  zhxtz  vsb  coarse  AC 
dust.  Tins  seems  reasonable  and  may  be  rabd  since  there  are  adequate  numbers  of  tests  j s  each  aaos  the  rwo 
dusts  were  used  in  comparable  test  procethiresu  CKhsr  utdkaooBt  provided  by  Table  77  are  probably  ac<  as  valid, 
and  in  some  cases  are  contradictory  co  differences  in  contanraant  parude  sire.  For  example.  the  resalts  jr-dsciie  that 
higher  solids  contents  were  obtained  in  tests  with  coarse  AC  das:  ttin  in  tests  wifl>  a  mixture  of  50*5  fee  and  SO6? 
coarse  AC  dust- 

13.  Special  Tests 

a.  General 

During  the  course  of  filter-separator  testing,  a  hunt'd  nuntoer  of  atypical  tests  were  per  termed  Socre 
were  one-of-a-kind  tests  performed  during  procedure  development.  Chhers  were  tests  performed  daring  special 
evaluations.  And,  rtiU  others  were  tests  performed  on  defective  elements.  Due  to  the  uniqueness  cf  these  tests, 
resuits  obtained  were  deleted  in  computer  analysis.  They,  therefore,  do  not  influence,  in  any  way.  results  obtained 
from  statical  analyses  of  normal  tests. 
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h.  Unrapewd  Tests 

A  number  of  teas  performed  either  during  procedure 
drveitopsaeat  or  during  special  evaluations  were  run  once  by  a 
griea  procedure  and  «a  not  repeated.  These  tests  are  listed  in 
TaWeTK. 

c.  Special  Evaluations 

Du  tht  program  reported  herein,  three  Bowser 
Ster-separator  elements*  which  had  been  in  service  at  Andrews 
AFB  were  examioed.  A;  Andrews  AFB.  considerable  difficulty 
had  been  experienced  with  premature  plugging  of  dements.  At 
the  tuae  of  ecni^  the  three  ele.ueots,  it  was  the  opinion  of 
Ptopefcsoc  Laboratory  personae!  that  the  plugging  might  be 
atiribMfed  to  excess  plug  valve  grease  getting  into  the  fuel.  Con¬ 
sequently.  it  arts  considered  desirable  to  nut  special  loop  tests  in 
wtsch  phtg  vahe  grease  was  injected-  fat  the  course  of  studying 
this  problem,  several  types  of  less  were  performed,  as  described 
in  the  paragraphs  that  follow. 

Visual  examination  of  the  used  dements  from  Andrews 
AFB  repealed  several  snnQ  particles  of  soft  greasehke,  browrish 
material.  Seme  of  these  particles  were  collected  and  tumished  to 
the  Propcisjot.  Laboratory  for  further  examination. 

The  desaa&ss  os  hasd  aat  tested  is  the  pressure-check  trough  at  a  flow  rate  of  20  gpm  of  IP-5,  with 
the  ioScwnt  raaiis 

No.  I:  !fv3 psi 

V*  2  200  ts 

Xo.  3:  35.6 pri 

Eknrr.i  so.  1  was  cleaned  by  nmnersioc  in  rsopropanol  for  24  hr,  after  which  a  recheck  on  pressure 
drop  it  rated  fad  .Tow  mdicated  3  psL  Evidently,  the  isopropanol  renxrwd  most  of  the  material  that  had  plugged 
the  dtsaect  is  service.  The  sorroptmoj  used  is  cleaning  the  element  was  found  to  contain  1  to  26c  glycerol. 

Eemen?  ao.  2  was  tested  as-received,  in  loop  test  no.  299.  using  day -treated  JP-5  contenting  0.15  vol  % 

FS3I  bat  eo  cc-ttc-sjos  inhibitor.  Tins  tod  gave  rabies  of  92  to  95.  The  loop  test  was  run  as  a  straight 

coalescence  test  without  any  sobds  injection.  The  test  schedule  included  30  nan  at  20  gpm  with  0.01%  water 
injection,  then  three  !0-  to  1  S-maa  periods  with  1  %  water  injection  while  the  fuel  flow  rate  was  set  successively  at 
20.  15.  and  10  gpra.  ami  flnaPy  a  recfeeck  on  pressure  drop  at  20  gpm  without  any  water  injection.  The  coalescing 
performance  was  wy  poor.  All  AEL  samples  taken  during  water  injection  indicated  free  water  contents  in  excess  of 
29  mg  f_  most  os  them  far  above  20.  Effluent  Totanuior  readings  ranged  from  10  to  100.  The  differential  pressure 
suited  a!  23.8  ps:  bt«l  had  increased  to  25.1  3t  the  end  of  the  !  5-rain  pre-test  period,  before  any  water  had  been 
injected.  The  differential  pressure  continued  to  rise  during  the  test,  dropping  back  when  flow  rate  was  decreased. 
Toe  final  check  at  29  gpm.  without  water  injection,  indicated  a  differential  pressure  of  29  i  psi. 

A  new  Bowser  element  (similar  to  those  used  at  Andrews  AFB)  war  checked  for  the  effect  of  plug  valve 

grease  m  a  series  of  four  tests,  nos.  300A  through  300D.  using  day-treated  JP-5  (0.15%  FSI1)  throughout  the  series 

without  intermediate  clay  treatment.  Fuel  WSIM  values  ranged  from  91  to  98.  The  fusi  test  (300A)  included  the 
injection  of  some  46  g  of  M1L-C-6032  plug  vahe  greose  into  the  influent  fuel  stream  by  means  of  a  grease  gun. 

•Bovver  A  BSio  dements.  a£!ii)-iU3(bni  Ivpt 
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About  15  g  of  grease  was  injected  over  a  30-min  period,  after  which  coalescence  was  checked  by  successive  water 
injections  at  0.01  and  1%  of  fuel  flow  The  second  grease  injection  (about  31  g)  was  performed  over  a  30-min  period 
while  1%  water  was  being  injected.  The  grease  injection  did  not  degrade  element  performance  to  any  serious  extent. 
The  ditTerential  pressure  increased  to  7.8  psi  from  an  initial  value  of  4.4  psi.  Totamitor  readings  were  zero  through¬ 
out,  and  the  highest  content  of  free  water  in  the  effluent  was  7  to  8  mg/5  according  to  the  AEL  ratings.  Efflue.rt 
solids  contents  were  higher  than  normal,  ranging  from  0.70  to  0.99  mg/5.  After  the  test  series  was  completed,  the 
element  was  found  to  contain  small,  uniformly  distributed  particles  of  grease  inside  the  perforated  metal  core. 
Subsequent  tests  in  this  series  were  run  on  the  same  fuel,  reblending  to  0.15%  FSII  for  test  300B  but  omitting  the 
FSI1  makeup  in  the  last  two  tests.  Tests  300B,  300C,  and  300D  included  periods  of  fuel  flow  without  any  water 
injection,  as  well  as  water  injection  at  0.01  and  1%,  but  did  not  include  any  further  injection  of  solid  material.  In 
each  test,  the  differential  pressure  remained  Lelow  8  psi  for  a  20-gpm  flow  rate;  in  test  300D,  the  differential 
oressure  rose  to  10.8  psi  during  a  period  when  the  fuel  flow  rate  was  30  gpm.  Coalescence  was  only  fair,  with  AEL 
ratings  generally  near  10  mg/5  but  occasionally  as  high  as  18  to  19  mg/5.  Solids  contents  were  low,  all  below  0.4 
mg/5,  and  effluent  Totamitor  readings  were  zero  throughout. 

The  series  of  tests  just  described,  run  on  a  new  element,  failed  to  reveal  any  severe  plugging  or  serious 
degradation  of  performance  when  46  g  of  this  particular  plug  valve  grease  was  injected  into  the  influent  fuel. 

Tests  301  and  302  were  run  with  injection  of  Walworth  No.  1  plug  valve  sealant,  which  is  a  relatively 
hard  stick-form  grease  that  is  in  use  at  Andrews  AFB.  In  test  301 ,  the  element  was  the  »sopropanol-cleaned  element 
recovered  from  an  Andrews  filter-separator.  The  injection  of  57  g  of  grease  produced  only  slight  plugging,  the 
differential  pressure  increasing  from  6.2  psi  to  8.5  psi.  Coalescence  was  very  poor;  several  of  the  AEL  ratings  were 
far  in  excess  of  20/5.  In  test  302,  using  a  new  element,  75  g  of  grease  was  injected,  again  with  little  plugging  effect 
(initial  differential  pressure  4.3  psi,  final  6.1  psi).  Coalescence  was  excellent,  all  AEL  ratings  being  less  than  5  mg/5. 
Effluent  solids  contents  were  low  in  both  of  these  tests.  Examination  of  the  elements  after  test  revealed  that 
essentially  all  the  injected  grease  had  collected  in  a  mass  at  the  top  of  the  perforated  core  of  the  element;  hence,  the 
lack  of  plugging  effect  is  not  surprising. 

Tests  303 A  and  303B  were  run  successively  on  a  new  Bowser  element,  using  the  same  JP-5  fuel  used  in 
previous  tests,  without  any  clay  treatment  or  makeup  of  FSII.  These  tests  were  run  to  determine  whether  injection 
of  glycerol  along  with  coarse  AC  dust  would  plug  the  element.  Starting  with  an  initial  pressure  differential  of  4  psi, 
the  injection  of  4000  ml  of  glycerol  along  with  29  g  of  coarse  AC  dust  produced  a  differential  of  19  psi.  This 
dropped  to  9  to  10  psi  in  subsequent  periods  of  fuel  flow  and  water  injection  (0.0  i  and  1%)  and  then  to  5  psi  after 
shutdown  and  restart.  Next  ,  after  another  shutdown,  coarse  AC  dust  was  injected  up  to  a  differential  pressure  of  20 
psi;  this  required  314  g,  or  a  total  of  343  g  counting  that  injected  previously.  Subsequent  injection  of  670  ml  of 
glycerol  over  a  5-min  period  increased  the  differential  to  25  psi,  which  remained  substantially  constant  during  a 
30-min  water  injection  period  (1%)  that  followed.  Coalescence  was  satisfactory  during  the  water  injection  periods. 
Sorids  contents  of  the  effluent  samples  ranged  up  to  0.73  mg/5  during  the  initial  injection  of  glycerol  and  solids,  but 
remained  below  0.2  mg/5  in  subsequent  operations.  During  the  two  periods  of  glycerol  injection  (at  0.09  and  0.18% 
of  fuel  flow),  it  was  observed  that  most  of  the  glycerol  was  coalesced  and  drawn  off  the  bottom  of  the  test  housing. 
Examination  of  the  pressure-differential  curves  for  these  tests  suggests  that  the  glycerol  causes  a  buildup  in  flow 
resistance  but  subsequently  “works  through’’  the  element  so  that  the  pressure  differential  drops  off  again.  The 
combination  of  glycerol  and  coarse  AC  dust  does  not  give  particularly  severe  plugging.  With  a  total  of  343  g  of  dust, 
which  is  about  170%  of  the  nominal  dirt-holding  capacity  of  the  element,  the  pressure  differential  was  only  some  25 
psi.  ThL  may  be  contrasted  with  the  plugging  behavior  of  coarse  AC  dust  in  tests  on  JP-5  fuel  containing  corrosion 
inhibitors,  where  the  element  seldom  accepted  much  more  than  200  %  (100%  rated  capacity)  without  exceeding  the 
plugging  limit  of  40  psi. 

Thus,  it  was  not  possible  for  this  limited  series  of  tests  to  establish  a  rrobable  cause  for  the  plugging 
problems  encountered  at  Andrews  AFB.  Since  a  wash  in  isopropanol  did  “unplug”  one  of  the  Andrews  elements,  it 
is  evident  that  organic  material  contributed  to  the  plugging,  and  the  presence  of  glycerol  was  established. 
Attempts  to  duplicate  such  plugging  in  short-term  tests  with  glycerol  or  plug  valve  grease  were  unsuccessful. 
In  the  field,  organic  materials  derived  from  the  glycerol  component  cf  FSII,  from  the  plug  valve  grease,  or 
from  interactions  of  these  materials  with  solid  inorganic  contaminants  and  fuel  gums  may  be  the  cause  of 
premature  plugging  failures. 
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d.  Tests  on  Defective  Elements 


Several  tests  were  run  on  elements  which  had  manufacturing  defects  or  which  had  been  damaged  during 
installation.  Also,  one  test  was  run  on  an  element  which  had  been  cut  away  fo'  visual  observations.  These  tests  are 
listed  below: 


Test  no. 

Element 

identification 

Remarks 

57 

FI  Lot  286 

Excessive  initial  pressure  drop  (45  psi) 

not  numbered 

FI  Lot  286 

Excessive  initial  pressure  drop  (10  psi); 
this  element  was  replaced  and  the  test 
restarted. 

98 

FI  Lot  440 

Element  crushed  during  installation. 

107 

FI  Lot  440 

Element  sectioned  for  observation. 

113 

FI  Lot  440 

Element  had  broken  end  cap. 

225 

FI  Lot  465 

Element’s  filtration  and  coalescence 
performance  was  satisfactory,  post-test 
examination  revealed  split. 

229 

FI  Lot  465 

Element’s  filtration  performance  was 
satisfactory;  coalescence  was  poor; 
post-test  examination  revealed  targe 
bulge  on  element. 

In  test  57,  after  only  4  min  of  fuel  flow  at  20  gpm  with  no  solids  or  water  injection,  the  element  AP  had 
increased  to  45  psi  and  the  test  was  terminated.  Subsequent  weighing  of  the  element  indicated  nc>  significant  increase 
in  weight,  and  no  explanation  for  the  unusually  high  initial  differential  pressure  could  be  formula  ted. 

-  Shortly  after  test  57,  another  excessive  initial  differential  pressure  (10  psi)  was  observed.  In  this  case,  the 
results  were  not  assigned  a  test  number;  the  element  was  replaced  and  a  numbered  test  was  run. 

The  element  used  in  test  98  was  inadvertently  crushed  during  its  installation  in  the  test  section.  This 
resulted  in  excessive  free  water  passage  into  the  effluent,  and  the  test  was  terminated  after  40  min.  This  element  was 
not  subjected  to  contamination  by  solids. 

Test  107  was  performed  on  an  element  from  which  had  been  removed  several  sections  of  varying  depths 
in  an  effort  to  visually  observe  rhe  actual  function  of  the  element.  This  investigatioi  proved  impractical  due  to  the 
poor  coatescence  and  filtration  capability  of  the  sectioned  element,  and  the  test  was  terminated  after  30  min. 

Results  obtained  in  test  1 13  indicated  element  defect;  the  test  was  terminated  after  36  min.  The  element 
was  sectioned  immediately  after  the  ter*  and  found  to  have  a  partially  broken  end  cap.  Large  amounts  of  AC  dust 
were  visible  at  the  site  of  the  break,  and  it  was  apparent  that  significant  amounts  of  test-fuel  contaminants  were 
passing  through  the  element  at  this  point. 

TV  element  used  in  test  225  exhibited  generally  satisfactory  performance  during  the  test:  maximum 
solids  content  0.16  mg /£,  maximum  free  water  content  8  to  9  mg/8  and  maximum  Totamitor  reading  1.  Post-test 
examination  revealed  a  longitudinal  split  (about  10  in.  long)  along  the  line  of  mold  conjunction. 

In  test  229,  element  performance  was  satisfactory  except  for  passage  of  excessive  free  water  (16  to 
17  mg/C)  at  the  end  of  *he  test.  Posttest  examination  revealed  a  large  bulge  at  one  end  of  the  element. 

Of  the  aforementioned  seven  elements,  five  exhibited  defects  which  are  considered  to  be  manufacturing 
defects;  al!  were  Filters  Inc  elements.  At  least  233  Filters  Inc  elements  were  used  in  this  program  and,  thus,  the 
percentage  of  observed  and  recorded  defective  elements  is  2.1%.  However,  it  is  believed  that  some  obviously 
defective  elements  were  discarded  without  being  teited  and  without  being  recorded.  Hence,  the  percentage  of 
defective  elements  was  probably  higher  than  given  above.  Of  the  elements  of  other  manufacturers,  the  number 
tested  was  insufficient  to  provide  any  information  on  the  incidence  of  defects. 
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14.  Repeatability  of  Filter-Separator  Tee* 


A  question  of  great  interest  in  filter-separator  testing  is  'he  following:  How  repeatable  are  the  filter-separator 
test  results?  An  attempt  will  be  made  to  answer  this  question  by  using  res  -s  from  the  most  replicated  combinations 
of  test  conditions.  Four  groups  of  tests  having  nine  or  more  replicate  tests  au  identified  in  Table  79.  Means  and 
standard  deviations  for  nine  different  performance  parameters  from  these  tests  are  also  given  in  Table  79  along  with 
the  boundaries  which  would  include  either  95%  or  50%  of  the  test  results.  The  95  and  50%  boundaries  were 
calculated  as  1.96  X  SD  and  0.675  X  SD,  assuming  that  the  distributions  of  the  measurements  are  normal.  The 
results  in  Table  79  give  a  fairly  good  indication  of  the  repeatability  obtained  in  the  Al/SS  loop  tests  and  should 
provide  an  estimate  as  to  the  sort  of  repeatability  one  might  expect  in  similar  tests  run  in  the  future. 

TABLE  79.  REPEATABILITY  SUMMARY  FOR  PERFORMANCE  PARAMETERS 


Element 
wt  gain, 

g 

%  dirt  load 

AEL  rating,  mg/? 

Solids,  mg/£ 

Tot  reading 

20psi 

40psi 

Avg 

Max 

Avg 

Max 

Avg 

Max 

Fuel  A  *,  element  FI  286,  Procedure  10,  nc.  of  tests  15 

Mean 

195 

87 

99 

n 

* 

0.04 

0 

■ftwi 

SD 

16.5 

17.1 

4m 

3.2 

0.04 

mm 

0 

BpMp 

95%  boundaries 

136-254 

55-119 

66-132 

0-8.3 

0-0.12 

0-0.28 

0-0 

50%  boundaries 

174-216 

L _ 

76-98 

88-110 

0.7-3.3 

04.2 

0.01-0.07 

0.01-0.15 

0-0 

ESS 

Fuel  A*,  element  FI  440,  Procedure  10,  no.  of  tests  9 

Mean 

209 

91 

110 

mam 

4 

EtgjMK 

0.11 

0 

i 

SD 

38.6 

21.4 

27.2 

1  QlJ 

2.3 

0.10 

0 

1.8 

95%  boundaries 

134-284 

49-133 

66-153 

0-8.5 

0-0.15 

0-0 

e sa 

50%  boundaries 

183-235 

95-125 

fl 

2.4-5. 6 

0.02-0.08 

0-0 

ESI 

Fuel  B*.  element  FI  465,  Procedure  13-A,  no.  of  tests  9 


Mean 

115 

KHjKK 

10 

19 

0.10 

wwmm 

0 

Om 

SD 

mm 

24 

4 

5 

0.04 

0.12 

0 

H 

95%  boundaries 

142-338 

73-167 

2-18 

9-29 

0.02-0.18 

0.00-0.44 

0-0 

■ 

50%  boundaries 

206-774 

98-132 

104-136 

7-13 

16-22 

0.07-0.13 

0.12-0.28 

0-0 

Fuel  C*.  element  FI  465,  Procedure  13-A,  no.  of  tests  9 


Mean 

239 

1  1)6  I 

e m 

21 

45 

0.17 

0.32 

1.9 

SD 

73 

Wm 

16 

41 

0.05 

0.11 

2.8 

18.7 

95%  boundaries 

96-382 

E Wmm 

0-125 

0.07-0.27 

0.10-0.54 

0-7.4 

EfiUI 

50%  boundaries 

190-288 

95-147 

17-73 

0.14-0.20 

0.25-0.39 

0-3.8 

Ess 

•Fuel  identification:  A.  IP-J  ♦  16  lb/Mbbl  Snt  ♦  0.15%  FSI1. 

B,  Clay  dm  ted  JP-S  +  16  lb/Mbbl  AFA  ♦  0.15%  FS1I. 

C.  Cby -tm ted  JP-5  +  20  lb/Mbbl  RP  ♦  0.15%  FSIt. 


The  data  in  Table  79  can  also  be  used  to  calculate  the  estimated  number  of  tests  required  to  establish  that 
differences  in  parameter  means  for  two  groups  of  tests  are  significant  ,rt  whatever  level  desired.  It  should  be 
understood  that  the  results  of  such  calculations  are  estimates  and  serve  only  as  guides  during  the  experiment 
planning  stage  More  ixact  calculations  to  determine  level  of  significance  would  have  to  be  made  using  the  test  data, 
thus  providing  a  more  accurate  measure  of  the  standard  deviation  of  the  new  groups  of  tests.  Suitable  equations  for 
these  calculations  are  given  in  Reference  10. 
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Suppose  that  it  is  desired  to  determine  if  these  is  sny  diff  «r  x  'etwees  the  pextst  dirt  lead  at  40  pa  for 
JP-5  +  16  lb/Mbbl  Snt  +  0.15%  FSli  sod  that  for  JP-5  contamhr,  a  new  corroooa  kddbetor.  wang  Procedure  10 
with  Filters  Inc  elements  in  both  sets  of  tests.  How  man)  tests  wo  ill  be  required  to  detect  a  difference  of  10%  in 
dirt  holding  capacity  that  would  be  significant  at  the  5%  If  ref?  In  order  to  calculate  toe  twjnred  swabs  of  tests, 
it  will  be  assumed  that  toe  standard  deriatioos  of  the  panmete  s  of  both  groups  of  tests  are  toe  same.  For  te 
example,  the  standard  deviation  of  the  percent  dirt  load  40  pd  for  IP-S  ♦  16  Ib/HbM  Snt  *  0.15%  FSU 
run  according  to  Procedure  10  is  17.1%. 

The  required  number  of  tests  can  be  determined  by  the  eqtatiooOQ) 

n  =  (u«  +  u^)*/D* 

where  D(=  5/o)  is  the  difference  it  is  important  to  detect,  expressed  as  a  mult^de  of  the  standanl  deviation. and  u<j 
and  up  are  the  deviates  of  the  normal  curve  which  cut  off  single -tailed  areas  of  a  and  6-  The  terms  a  aid  d. 
respectively,  represent  the  rides  of  asserting  a  significant  difference  when  none  exists  and  asserting  that  no  difference 
exists  when  in  fact  there  is  a  difference  of  sufficient  magnitude  to  be  of  practical  importance. 

The  -quation  given  above  is  for  testing  one-sided  differences,  that  is,  one  of  toe  means  wS  always  be  greater 
than  the  other.  For  the  example  under  consideration  here,  the  means  can  deviate  in  either  direction.  Hence,  a 
t  o-sided  test  is  called  for.  This  test  can  be  accomplished  by  substituting  for  ug  the  derate  correnondmg  to  an  area 
of  l/2a.  The  calculations  are  shown  below. 

n  =  (ua/2  +U0>*/DJ 
=  (1.96  +  1  -S4)'(10/17.1)2 


=  37.8 


Thus,  38  tests  would  be  required  to  detect,  with  confidence,  a  difference  of  10%  between  the  means  of  percent  dirt 
load  at  40  psi  for  the  two  fuel  blends. 


It  is  unlikely  that  38  single-element  loop  tests  would  be  mn  fra  such  a  purpose.  The  table  which  follows  lists 
other  numbers  of  tests  for  different  values  of  D. 


D 


No.  of 
tests 


0.5 

1.0 

1.5 

2.0 


52 

13 

6 

4 


Thus,  a  suitable  number  of  tests,  say  6,  will  detect  a  difierence  of  8  =  1.5  (17.1)  =  25.6%  between  the  means  of 
percent  dirt  load  at  40  psi  for  the  two  fuel  blends. 

It  is  also  possible  to  reduce  the  number  of  tests  required  by  accepting  differences  at  a  higher  level  of  risk  (less 
significance).  In  the  example  just  cited,  the  standard  deviation  is  an  appreciable  fraction  (17.1/99)  of  the  parameter. 
If  the  test  procedures  or  measurements  can  be  refined  to  reduce  the  standard  deviation,  larger  values  of  D  can  be 
used  and  the  required  number  of  tests  decreased  while  still  detecting  significantly  the  same  difference  in  means. 


15.  Suggetted  Plan  for  Acceptance  Te*ts 

The  subject  of  test  repeatability,  discussed  in  the  preceding  subsection,  is  closely  related  to  filter-separator 
element  or  corrosion  inhibitor  acceptance  testing.  A  test  plan  similar  to  that  discussed  could  be  used  for  acceptance 
testing.  However,  another  type  of  test  plan,  and  perhaps  a  more  efficient  one,  would  utilize  sequential  tests  of 
significance. 
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A  amber  of  stggatn)  test  pbs  for  various  stmtws  are  described  »  statistics  boots  (for  example  see 
Reference  JO).  Here  oa)y  one  type  of  pba  «fl  be  preseated  as  a  example  of  how  sod  a  pbn  might  be  pot  into 
practice. 

Soppose  that  it  is  desired  to  develop  an  acceptance  test  pias  for  cocrosion  inhtbftors.  For  the  sake  of 
simpfirity.  suppose  the  performance  parameter  of  interest  is  percent  dsn  load  at  40  as,  that  day-treated  JP-5  h  the 
test  fad.  sad  that  tests  are  run  according  to  hocehre  13- A-  (The  foregoing  conditions  were  aS  selected  merely  to 
iBostnte  the  app&atioa  of  the  seqoenoal  test  plan.) 

The  sequent!.'  method  used  here  imires  testing  fur  a  difference  in  mean  value  wfaet>  the  standard  deviation  is 
knowi^*®).  For  cot  remence.  a  standard  deviation  of  20  wiH  be  ssed  in  calculations  which  follow.  The  method 
involves  detS"Kii%  the  location  of  two  panSd  Smit  tries  on  a  plot  of  cemuhtne  total  of  percent  dirt  load  versos 
member  of  oc">  r.abons.  As  testing  proceeds,  points  are  plotted  and  testing  convenes  until  a  point  fa9s  outsxk  the 
fintfiaesL 

The  equations  necessary  to  defiernste  the  hurts  are: 


where  h„  and  h,  are  y-intercepts  of  the  knrcr  and  upper  boundaries. » is  the  known  or  assumed  standard  deviation. 
5  is  the  difference  which  it  is  important  to  detect,  and  a  and  b  are  terras  related  to  probabilities  a  and  fL  The  terns  a 
and  b  are  calculated  as  feiows: 


3  —  hi 


0-0) 


b 


The  factor  a  is  the  probability  of  asserting  a  significant  difference  when  none  exists  (in  this  example  0.05):  and  0  is 
the  probability  of  asserting  that  no  difference  exists  when  there  is  a  difference  of  sufficient  magnitude  to  be  of 
practical  importance  (in  this  example  0.05) 


The  slope  ■-  f  the  Smit  hots  is  calculated  by  means  of  the  equation  below  : 

t 

s  =  ^  -i--5 


where  Po  is  the  standard  value  (in  tnis  case  100)  against  which  obsen-  itions  are  compared  and  5  is  the  difference 
which  it  is  important  to  detect  (in  this  case  10  has  been  selected  arbitrarily).  Results  of  calculations  are  as  follows: 


-bo2  -2.94(2lV 

h^  = - =  ———=-  n7  6 

6  10 


hi 


ao2  _  2.94{20r 
6  10 


11 T6 


1 

s  =  p0  +  -  5  =  100  +  5  =  105 
1 
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« 


■»  x  resulting  (mail  Km  are  shown  a  Figure  9, 
_^og  with  data  pfctrca  for  teas  ca  three  £fennt 
corrosion  iahUhn  bat  on  the  same  dnacsts  aerl 
a.confing  to  tfce  same  procedure.  Is  Ffm  9,  two 
co. ~ow  a  rnh&itar*  are  Adjected  a  bang  accepted 
ihra  lire  third  is  e*»  fee  rijc  of  bong  rejected. 
The  slope  and  tire  spacing  of  tbs  Em  w  dependent 
ui  fades;  *tich  amt  hi  selected,  at  least  nitbSy, 
by  judj  merit.  These  factors  mejede  the  probabdities 
a  and  0,  tire  diffcierw  6,  and.  if  it  fcas  not  bees 
measured,  the  standard  delation  o. 

The  foregoing  example  ffustntes  the  relative 
sxmpfcdt?  of  (he  sequential  test  plan.  SmOar  planr 
anJ  ccnespoodmg  dots  codd  be  p  eprreo  for  use 
*i:h  any  of  the  penonrwace  pa.aineieis  ot  for 
ouaEfkatkn  testing  ot  fifter-separatre  e(  Treats  This 
plan  is  base*  on  the  assumption  that  &  standard 
deviation  s  known.  Somewhat  sredar  tert  ptes  have 
been  desigardO®}  which  are  appacable  where  the 
standard  deration  is  not  known.  These  pbns  are 
sfightly  more  cosnpbcsred  to  set  up  but  once  m  oper¬ 
ation  a  cumulative  function  of  the  test  data  is 
plotted  against  number  of  tests:  whenever  the  riot 
goes  outside  the  boundaries  ?n  accept  or  reject  deci¬ 
sion  r  indicated. 

*4  »  a  a  » 

The  example  just  given  is  merut  to  be  merely 
indicative  of  aj  approac..  that  wou'd  provide  for  an 
FIGURE  9.  EXAMPLE  OF  GR.\?H  FOR  economics:  and  cbjectire  roe'hod  of  qualifying  fUter- 

SEQUENTSAc  TES  f  DECISIONS  separitar  elements  nd/or  additives.  Actual  dopes  and 

'pacing  of  limit  lines  would  be  be',  assigned  aftet 
very  careful  consideration  of  the  many  aspects  and  ramification:  of  ihic  type  of  testing.  The  data  presented  in 
this  report  especially  the  means  and  standard  deviations  of  data  from  the  most  replicated  test  conditions,  can 
se>«e  as  guideiu.es  in  formulating  sequential  or  other  statistical  te_ :  designs. 
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SECTION  VI 


LOOP  TEST  CONCLUSIONS  AND  RECOMMENDATIONS 


Brxj  on  the  loop  test  results  green  and  discussed  m  the  preceding  section,  conclusions  are  as  follows: 

•  Both  A'SIM  disk  stain  size  and  color  were  apprccrsbly  jess  for  fuel  blends  made  up  with  day-treated  JP-5 
than  foe  fuel  biend-  made  up  with  untreated  JP-5. 

•  WSIM  disk  stain  rre  and  color  were  less  for  post-test  fuel  samples  than  for  pre-test  fuel  samples. 

With  respect  to  the  effect  of  amount  of  injection  water  used  in  a  test  on  fuel  quality  parameters,  c-Hidushms 
are  as  follows: 

•  Negative  correlation  was  obtained  between  post-test  FSii  concentration  and  amount  of  water  injected, 
>.e_,  FSII  concer.liatxwi  decreased  as  the  amount  of  water  injected  increased. 

•  Fosi'rvt  correlation  was  obtained  between  post-test  WSIM  and  amount  of  water  injec.ed,  Le.,  WSIM 
value-  increased  as  the  amount  of  water  injected  increased. 

•  There  was  no  apparent  correlation  between  either  WSIM  disk  suic  color  or  stain  size  and  amount  of 
water  injected. 

With  regard  to  correlations  between  fuel  quality  parameters  (WSIM  and  I  FT)  and  element  perform  anc: 
parameters,  conclusions  were  as  follows: 

•  For  tests  grouped  according  to  test  procedure,  additive  and  additive  concentration,  fuel  type,  and 
dement  sot,  correlation  between  pre-test  WSIM  end  any  of  nine  performance  parameters  was  peer. 
Where  slight  correlation  was  implied,  the  sign  of  the  correlation  coefficient  was  opposite  to  what  would 
be  expected.  For  the  same  groups  of  tests,  there  was  no  indication  of  correlation  between  pie-test  !FT 
and  any  cf  the  dement  performance  parameters. 

•  For  tests  grouped  only  according  to  fuel  type  and  element  lot,  somewhat  better  correlation  was  obtained 
between  pre-test  WSIM  and  four  performance  parameters  (percent  din  load  at  40  psi.  average  AEL 
rating,  average  solids  content,  and  average  Totamitor  reading).  Also,  the  signs  of  the  correlation  coeffi¬ 
cients  were,  generally,  zs  wouiri  be  expected.  For  the  same  groups  of  tests,  correlation  between  pre  test 
I  FT  and  the  aforementioned  fou'-element  performance  parameters  was  better  than  for  the  more 
restricted  test  groupings. 

•  No  correlation  was  obtained  between  WSIM  and  IFT  values  for  tests  grouped  according  to  fuei  iyps. 
additive,  and  FSII  concentration. 

•  Significant  positive  correlation  was  obtained  between  pre-test  WSIM  and  pre-test  IFT  when  data  from 
tests  on  fud  without  corrosion  inhibixors  were  added  to  each  group  of  tests  described  in  the  preceding 
paragraph. 

With  regard  to  the  effects  of  day  treatment  of  fuel  on  fuei  quality  parameters  and  on  performance  of 
filter-separator  elements,  conclusions  are  as  follows: 

•  Clay  treatment  caused  a  significant  increase  in  the  WSIM  of  uninhibited  JP-5. 

•  Fuel  blends  prepared  witl.  clay-treated  JP-5  ha  1  higher  WSIM  values  than  did  similar  blends  prepared 
with  untreated  JP-5. 
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Clay  treatment  had  no  efTect  on  the  level  of  IFT  of  JP-S  fuel,  either  uninhibited  or  as  blended  with  additives. 


•  During  sequences  of  tests  on  fuel  containing  corrosion  inhibitor,  followed  by  clay  treating,  and  reblendtng 
with  corrosion  in  nbitor,  clay  treating  was  more  effective  *n  restoring  high  WSIM  levels  than  high  IFT  levels. 

•  There  was  no  evidence  that  clay  treatment  reduced  the  variability  of  WSIM  or  IFT  values  of  JP-5  fuel, 
either  uninhibited  or  as  blended  with  additives. 

•  Clay  treatment  does  cause  FSH  to  be  removed  from  JP-5  futl;  the  amount  removed  is  small  and 
gradually  decreases  with  successive  uses  of  the  clay  canisters. 

•  When  fresh  clay  canisters  ere  used,  clay  treatment  removes  all  the  color  bodies  from  JP-5,  but  in  the 
course  of  additional  'Mending  with  corrosion  inhibitors,  testing,  and  day  treatment,  fuel  color  increases, 
becoming  essentially  constant  after  6  or  7  day  treatments. 

•  There  was  no  evidence  that  clay  treatment  significantly  improved  the  performance  of  filter-separator 
elemen.s  nor  that  it  significandy  reduced  variability  in  the  measured  performance  parameters. 

With  regard  to  the  effects  of  variations  in  injection  water  quality  on  element  performance  parameters,  there 
was  r,o  evidence  that  observed  variations  in  water  surface  tension,  solids  content,  or  pH  had  any  effect  on  measured 
performance  parameters. 

With  regard  to  the  effect  of  variations  in  element  physical  parameters  (element  weight,  element  differential 
pressure  in  the  pressure-check  trough,  and  element  differential  pressure  at  the  start  of  testing)  on  element  perfor¬ 
mance  parameters,  condusions  ere  as  follows: 

•  There  was  no  evidence  of  significant  correlation  between  any  of  the  three  element  physical  parameters 
and  any  of  the  element  performance  parameters. 

•  Correlation  between  pairs  of  the  three  element  physical  parameters  was  generally  very  poor  far  tests 
grouped  according  to  element  lot,  test  procedure,  fuel  type,  and  additives  and  additive  concentration. 

•  Very  highly  significant  positive  correlation  was  obtained  between  all  pairs  of  element  physical  param¬ 
eters  when  all  six  lots  of  elements  from  one  manufacturer  (Filters  Inc)  were  considered  together. 

The  results  of  a  group  of  tests  involving  three  different  corrosion  inhibitors  (AFA-1 ,  Santolene  C,  and  Lubrizol 
54 1 )  and  elements  from  four  manufacturers  (Filters  Inc,  Fram,  Bendix,  and  Bowser)  indicated  the  elements  could  be 
ranked  in  the  order  of  decreasing  effectiveness  as  follows:  (1)  Filters  Inc,  (2)  Bendix,  (3)  Bowser,  and  (4)  Fram.  The 
corrosion  inhibitors  could  be  ranked  in  order  of  increasing  detrimental  effect  as  follows:  (1)  AFA-1,  (2)  Santolene  C, 
and  (3)  Lubrizol  541 

On  the  basis  of  another  group  of  tests  run  according  to  Procedure  13-A,  using  Filters  Inc  -laments  of  a  single 
lot.  and  clay -treated  JP-5  plus  0.15%  FSH  plus  one  or  another  of  six  corrosion  inhibitors,  it  was  possible  to  rank  the 
corrosion  inhibitors  in  order  of  increasing  detrimental  effect  as  follows:  (1)  AFA-1,  (2)  RP-2,  (3)  Toiad  244,  (4) 
Santolene  C.  (5)  Unicor  M,  and  (6)  Lubrizol  541. 

The  foregoing  rankings  of  both  filter-separator  elements  and  corrosion  inhibitors  are  based  solely  on  test 
results  presented  herein.  Hence,  the  rankings  are  not  inferred  to  be  universally  applicable.  Using  other  test  con¬ 
ditions.  test  procedures,  and  other  batches  of  filter-separator  elements  and  corrosion  inhibitors  the  order  of  ranking 
might  be  different. 

Rather  limited  test  results  suggest  that  G.15%  FSH  in  JP-4  or  JP-5  (either  untreated  or  clay-treated)  causes  a 
slight  decrease  in  the  fuel's  WSIM  value.  No  appreciable  effect  of  FSII  on  IFT  values  of  JP4  or  JP-5  was  noted. 

The  extent  of  correlation  between  ten  pairs  of  element  performance  parameters,  based  on  results  from  tests 
having  the  same  fuel  type,  additive  and  additive  concentration,  FSII  content,  and  element  lot,  was  determined  and  a 
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noticeable  trend  in  correlation  was  observed  in  only  four  casta:  average  AEL  rating  vs  average  Totamitor  reading, 
positive  correlation,  average  Totamitor  reading  vs  percent  dirt  load  at  20  and  at  40  psi,  negative  correlation;  and 
maximum  Totamitor  reading  vs  maximum  AEL  rating,  positive  correlation. 

Very  highly  significant  positive  correlations  between  Totamitor  readings  and  corresponding  AEL  ratings  and 
solids  contents  were  obtained  when  data  from  all  tests  were  lumped  together  without  regard  to  test  conditions. 

Using  results  from  tests  grouped  according  to  fuel  and  corrosion  inhibitor  there  was  good  positive  correlation 
between  average  Totamitor  reading  and  the  sum  of  average  AEL  rating  and  average  solids  content.  With  all  grouping 
restrictions  removed  except  type  of  fuel,  very  highly  significant  positive  correlations  were  obtained  between  average 
Totamitor  readings  and  the  sum  of  average  AEL  rating  and  average  solid  content,  both  for  JP-4  and  JP-5  fuel. 

The  general,  but  not  extremely  conclusive,  indications  provided  by  comparison  of  test  procedures  were  that 
element  performance  was  poorer  with  finer  solid  contaminants. 

2.  Recommendations 

On  the  basis  of  test  results  and  experience  derived  from  the  Al/SS  loop  tests  reported  herein,  a  number  of 
recommendations  have  been  formulated  relative  to  test  planning,  test  equipment,  test  procedures,  test  materials,  and 
areas  for  future  study. 

With  regard  to  test  planning,  one  recommendation  is  foremost.  Test  plans  should  be  designed  so  that  the 
inferences  drawn  from  the  data  can  be  subjected  to  statistical  tests  of  significance.  It  is  believed  that  the  statistics 
(means,  standard  deviation,  etc.)  reported  herein  can  be  used  as  guidelines  in  selecting  numbers  of  replicate  tests 
such  that  differences  in  performance  of  elements  of  different  lots  or  of  different  additives  can  be  assessed  at  any 
desired  level  of  significance.  Statistical  test  plans,  particularly  those  based  on  sequential  tests  of  significance,  are 
recommended  as  being  mos*  satisfactory  for  acceptance  testing  of  filter-separator  elements  or  corrosion  inhibitors. 

The  overall  utility  of  these  tests  can  be  increased,  in  general,  in  three  ways:  by  increased  replication  of  tests, 
by  reducing  variability  in  test  materials  (filter-separator  elements,  fuels,  and  additives),  and  by  reducing  variability  of 
parameter  measurements  (free  water  content,  solids  content,  differential  pressure,  etc.) 

Increased  test  replication  can  be  effected  by  limiting  the  number  of  test  procedures.  element  lots,  and  fuel 
blends. 

Variability  in  filter-separator  elements  could  be  reduced  by  eliminating  those  elements  which  deviate  markedly 
from  the  mean  of  appropriate  element -quality  parameters.  At  present  there  are  only  two  easily  measured,  non¬ 
destructive  measures  of  element  quality,  namely  weight  and  element  differential  pressure.  The  establishment  of 
other  easily  measured,  nondestructive,  and  meaningful  element  quality  parameters  would  aid  in  reducing  element 
variability  and,  hopefully,  provide  additional  parameters  which  might  correlate  with  element  performance. 

There  appears  to  be  little  hope  of  significantly  reducing  fuel  variability  from  that  experienced  in  *hcse  tests. 
About  all  that  can  be  recotiunended  is  that  a  sufficient  supply  of  a  given  batch  of  fuel  be  on  hand  to  permit  running 
all  of  the  test  groupings  ,n  a  study  of  some  factor  or  variable.  Some  reduction  in  fuel  variability  over  a  long  period  of 
time  might  be  effected  by  the  use  of  storage  tanks  made  of  corrosion-resistant  me:3ls  such  as  aluminum  or  stainless 
steel. 

A  change  in  clay-tteatment  proa  Jure  might  also  result  in  increased  uniformity  ot  test  fuel  wet  a  period  of 
time  and  also  permit  running  tests  with  various  additives  'n  a  random  basis  The  new  procedure  would  entad  ci_y 
treating  600  gal  of  test  fuel,  blending  with  additives,  running  one  test,  and  pumping  the  fuel  to  a  second  storage 
tank  Each  test  would  therefore  be  run  with  fresh  clay-treated  fuel,  and  additives  could  be  different  for  successive 
tests.  An  idditional  advantage  of  this  clay-treating  pwcedure  a  liut  the  lest  fuel  is  not  being  continually  water 
washed  Also,  there  is  no  possibility  of  a  buildup  in  the  fuel  of  nunadsoebable  constituents  from  the  additives  Such 
a  buildup  could  occur  using  the  present  day  tteatmg  procedure  in  which  additive  is  removed  after  each  test  by  clay 
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treating  the  test  fuel.  It  is  assumed  that  clay  treating  removes  ail  the  con  sion  inhibitors,  and,  on  this  basis,  fresh 
additive  and  makeup  fuel  are  added  prior  to  each  test.  The  validity  of  this  assumption  is  open  to  serious  question.  In 
a  series  of  10  or  12  tests  on  fuel  with  the  same  additive,  it  is  very  possible  to  have  a  buildup  of  those  constituents 
which  are  less  adsorbable.  An  indication  of  such  preferential  buildup  is  afforded  by  the  fact  that,  in  the  tests 
reported  herein,  JP-5  fuel  was  rendered  colorless  (“water-white”)  by  milk'  clay  treatment;  but  with  successive  cycles 
of  blending  with  corrosion  inhibitors,  testing  and  retreating,  the  fuel  reverted  to  ts  normal  yellow  color. 

With  regard  to  maintaining  uniformity  of  additives  over  a  long  period  of  time,  it  is  suggested  that  ample 
additive  be  obtained  prior  to  start  of  a  test  program  and  that  additive  storage  should  be  such  that  deterioration  of 
the  additive  is  minimized.  For  example,  certain  corrosion  inhibitors  are  not  homogeneous,  and  the  insoluble  con¬ 
stituents  settle  out;  this  could  be  prevented  or  minimized  by  subzero  storage.  Such  storage  would  also  minimize 
solvent  evaporation  losses. 

The  variability  of  measured  element-performance  parameters  can  possibly  be  reduced  in  some  cases  as  dis¬ 
cussed  in  the  following  paragraphs. 

Some  reduction  of  (he  variability  in  free  water  content  as  indicated  by  the  AEL  free  water  detector  method 
might  result  from  the  development  of  an  electronic,  automatic  device  f  rating  AEL  pads.  Variability  in  measured 
solids  contents  could  be  decreased  if  improved  membranes  were  availabie.  The  currently  used  membranes  are 
adversely  affected  by  free  water  in  the  fuel  This  may  account,  in  part,  for  the  frequent  indications  of  negative  solids 
contents. 

It  seems  possible  that  more  quantitative  information  might  be  derived  from  Totamitor  readings.  Correlations 
between  Totamitor  readings  and  fuel  contaminant  content  could  be  obtained  for  free  water  and  for  each  type  of 
solid  contaminant  used.  These  correlations  could  be  sought  at  conditions  (fuel  temperature,  pressure,  and  flow  rate) 
generally  used  in  these  tests.  It  is  anticipated  that  the  Totamitor  or  other  instruments  based  on  optical  measurements 
can  never  be  highly  quantitative  because  of  the  effects  and  interactions  of  factors  such  as  turbulence,  fuel  additive 
content,  and  combinations  of  water  and  solids  contaminants.  However,  it  does  appear  possible  to  increase  the  utility 
of  the  Totamitor  readings  taken  with  the  same  instruments,  under  uniform  test  conditions,  and  using  a  limited 
number  of  known  solid  contaminants.  For  purposes  of  economy,  the  foregoing  Totamitor  correlation  experiments 
could  be  run  in  conjunction  with  correlation  of  dirt-feed  systems. 

The  effects  of  various  additives,  as  well  as  correlations  between  fuel  quality  parameters  such  as  and  IFT 
and  between  fuel  quality  parameters  and  element  performance  parameters,  could  all  be  studied  in  a  program  wherein 
tests  were  run  using  additive-fuel  blends  ranging  from  zero  additive  concentration  to  the  maximum  allowable,  or 
even  higher,  additive  concentration.  Such  a  program  should  provide  a  wide  enough  range  of  data  to  permit  detection 
of  any  real  correlations  between  the  various  fuel  quality  parameters  and  element  performance  parameters. 

Additional  information  about  filter-separator  element  performance  might  be  provided  by  a  standard  method 
of  dissecting,  examining,  and  assigning  quantitative  ratings  of  elements  after  testing. 

The  effects  of  element  physical  parameters  such  as  weight  or  density  could  be  studied  by  using  specially 
fabricated  elements.  These  would  be  fabricated  front  single  lots  of  raw  material  and  by  a  single  manufacturing 
procedure,  but  the  amount  of  raw  mateiial  in  the  individual  elements  could  he  varied  in  s  controlled  manner 


SECTION  VII 


SMALL-SCALE  COALESCENCE  STUDIES 


1.  Introduction 

The  ability  to  coalesce  free  water  in  fuel  is  one  of  the  most  important  functions  of  a  filter-separator  element. 
Yet,  the  mechanisms  of  coalescence  are  not  well  understood  and  the  development  of  filter-separator  dements  which 
effectively  coalesce  water  has  apparently  proceeded  on  an  empirical  basis.  A  more  complete  understanding  of  the 
mechanisms  and  factors  involved  in  coalescence  should  make  possible  a  more  rational  approach  to  filter-separator 
element  design  and  eventually  filter-separator  elements  with  improved  water-coalescing  capabilities. 

The  methods  of  studying  coalescence  phenomena  range  from  very  fundamental  investigations  involving 
detailed  observations  of  individual  water  droplets  and  sites  of  coalescence  to  the  fabrication  and  testing  of  full-size 
elements. 

Neither  of  the  two  extremes  of  experimental  method  was  suited  to  the  facilities  or  personnel  available  for 
studying  coalescence  under  this  program,  consequently,  an  intermediate  approach  which  might  be  termed  a  “small- 
scale  empirical”  study  was  undertaken. 

It  was  elected  at  the  outset  to  study  coalescence  only,  reserving  the  study  of  complications  resulting  w^en 
coalescence  and  filtration  occur  simultaneously  in  the  media  bed  until  such  time  as  the  coalescence  phenomena  were 
more  fully  understood.  The  effect  of  variations  in  coalescence  media  parameters  (media  thickness  and  density)  was 
the  subject  of  the  work  reported  herein.  An  experimental  apparatus  was  designed  and  fabricated  which  provided 
controlled,  once-through  flow  of  fuel  and  water,  a  means  of  dispersing  water  in  the  fuel,  a  cell  which  contained 
coalescence  media,  a  fallout  chamber  for  observation  of  coalesced  water  drops,  and  a  means  of  detecting  free  water 
content  of  the  effluent  fuel. 

2.  Experimental  Apparatus,  Materials,  and  Techniques 

a.  Apparatus 

Before  describing  in  detail  the  small-scale  coalescence  apparatus  used  in  the  experiments  reported  herein, 
examination  of  the  design  considerations  will  be  useful. 

Versatility  was  one  of  the  primary  design  consider? tions.  An  apparatus  was  desired  which  would  permit 
the  controlled  variation,  over  wide  ranges,  of  the  parameters  of  importance  to  coalescence  of  water  from  fuel.  These 
parameters  include  those  pertaining  to  the  coalescing  media,  the  fuel,  injection  water,  and  flow  conditions. 

Coalescence  media  parameters  of  importance  are  as  follows: 

Material 

Particle  size  (fiber  diameter,  particle  mean  diameter,  or  other  suitable  measure) 

Pore  characteristics  (dimensions,  distribution) 

Density 

Thickness 

All  of  these  parameters  ire  interrelated  and  are  primarily  ehaiacteristics  of  the  media  itself.  The  media  used  in  these 
experiments  will  be  described  in  the  following  section  of  this  report  Media  thickness  is  the  only  one  of  the 
aforementioned  parameter  that  is  directly  dependent  on  apparatus  design. 
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Several  alternate  designs,  differing  both  in  principles 
and  details,  were  conssdovl  at  various  stages  in  the  development 
of  the  apparatus.  One  of  the  principal  differences  in  thrxe  designs 
was  the  means  of  driving  the  fuel  and  injection  water.  The  two 
test  fluids  can  be  driven  either  by  pump  or  gas  pressure  or  by 
combinations  of  the  two. 

The  use  of  a  pump  has  three  disadvantages.  Preeurc 
fluctuations  are  associated  with  certain  types  of  pumps,  for 
example,  piston  pumps.  The  generation  of  frictional  heat  within  the  pump  may  be  troublesome  in  some  cases.  Wear 
debris  from  the  ump  might  affect  the  coalescence  characteristics  of  the  media.  The  later  problem  would  be  mere 
serious  in  tests  where  filtration  was  being  evaluated. 

Gas  drive  systems  have  none  of  the  undesirable  attributes  just  described  for  pump  systems,  but  instead,  s 
m.vre  serious  drawback,  at  least  for  this  application.  At  any  point  in  the  system  where  the  pressure  is  substantially 
less,  than  the  driving  gas,  bubbles  will  be  formed  by  gas  evolution. 

In  a  coalescence  test  apparatus  such  as  the  cne  being  described,  the  bubble  release  region  is  likely  to  be 
in  th  •  coalescence  media,  which  would  affect  the  coalescing  process,  or  at  the  system  exit,  in  which  case  the  bubbles 
might  interfere  with  the  deteimination  of  the  free  water  content  of  the  effluent  fuel.  As  will  be  seen  later,  the 
system  selected  uses  low-pressure  helium  to  drive  the  fuel  and  the  water  to  a  pump-type  homogenizer  which  provides 
the  pressure  needed  to  force  the  fuel-water  mixture  through  the  system. 

Another  major  function  of  the  apparatus  which  can  be  performed  in  several  ways  is  that  of  dispersing 
the  free  water.  In  principle,  three  methods  are  feasible:  stirring  or  other  mechanical  agitation,  agitation  by  ultrasonic 
vibrations,  and  dispersion  by  fluid  turbulence  such  as  that  present  in  and  immediately  after  an  orifice.  Tbe  apparatus 
selected  for  the  combined  functions  of  water  dispersion  and  fuel  pumping  was  a  Manton-uaulin  Laboratory  Homog¬ 
enizer,  Model  15M-8TA  which  combines  a  single -piston,  high-pressure,  15-gph  pump  and  an  adjustable  orifice. 

The  version  of  the  small  cale  coalescence  apparatus  used  in  these  tests  is  show,  in  Figure  1 1 .  Helium 
pressure  (20  psi)  was  used  to  drive  the  fuel  up  to  the  inlet  of  the  homogenizer.  Helium  pressure  (40  psi)  was  also 
used  to  drive  the  injection  water  up  to  the  homogenizer  inlet.  Details  of  the  fuel  and  water  entry  arrangements  are 
shown  in  the  Figure  1 1  inset.  A  rotameter  was  used  to  measure  water  flow  rate.  The  inlet  fuel  flow  rate  was  that  of 
the  homogenizer  pump  (0.25  gprn).  An  accumulator  connected  to  both  the  fuel  and  water  lines  served  to  damp  out 
pump-induced  flow  fluctuations  and  permit  measurement  of  water  injection  rate.  Another  accumulator,  just  down¬ 
stream  of  the  homogenizer,  limited  pressure  fluctuations  to  ±  1  psi  at  the  coalescei  cell  inlet. 

The  homogenizer  is  designed  to  operate  with  high  differential  pressures  across  the  orifice,  on  the  order 
of  500  to  4000  psi.  In  the  early  stages  of  equipment  checkout,  it  was  found  that  normal  operation  of  the 
homogenizer  resulted  in  pressure  and  flow  pulsations  that  were  very  difficult  to  smooth  out,  as  well  as  excessive 
heating  of  the  fuel  and  extremely  fine  dispersion  of  the  water  in  the  fuel.  Subsequently,  the  homogenizer  pressure 
was  held  to  about  100  psi,  which  improved  the  operation  considerably. 

Test  fuel  temperature  was  regulated  by  means  of  a  manually  controlled,  water-cooled,  concentric  tube 
heat  exchangvf  downstream  of  the  outlet  accumulator.  After  the  heat  exchanger,  the  fuel-water  mixture  was  divided 


FIGURE  10.  COALESCER 
CELL  ASSEMBLY 
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into  two  streams.*  Four-fifths  of  the  mixture  was  divrrted  through  a  discard  line.  Mounted  in  the  discard  line  was  a 
safety  relief  valve  and  a  back-pressure  regulator.  Flow  rate  through  tire  discard  line  was  monitored  by  a  rotameter 
but  was  not  controlled. 

The  test  fuel-water  mixture,  the  remaining  one  fifth  of  the  mixture,  passed  through  the  coalescer  cell 
and  into  the  transparent  settling  chamber.  Flow  rate  of  the  test  fuel-water  mixture  was  controlled  by  means  of 
needle  valves  downstream  of  the  settling  chamber.  In  all  tests  reported  herein,  the  flew  rate  through  the  test  section 
was  189  ml/min  (0.05  gpm).  Coalesced  water  was  collected  in  the  settling  chamber.  Fuel  and  any  uncoalesced  water 
passed  out  the  top  of  the  settling  chamber,  through  a  rotameter,  and  then  either  through  a  discard  line  or  an  AEL 
pad  holder.  The  coalescer  and  settler  were  held  under  pressure  (downstream  flow  regulation)  to  avoid  gas  evolution 
in  these  sections. 

The  major  components  of  the  small-scale  coalescence  apparatus  are  more  fully  identified  as  follows: 

•  Two-stage  helium  regulator,  100-psi  outlet,  Harris  Calorific  catalog  No  92-100A-590 

•  Two-stage  helium  regulator,  250-ps’  outlet,  Hairis  Calorific  dialog  No.  92-250A-590 

•  Fuel  reservoir,  15-gal,  316  stainless  steel 

•  Water  reservoir,  15Q-ml,  316  stainless  steel 

<*  Manton-Gaulin  15-gph  laboratory  homogenizes  Model  15M-8TA 

All  plumbing,  valves,  and  rotameter  parts  making  contact  with  either  the  fuel  or  injection  water  were  of 
stainless  steel. 


♦This  flow  plan,  with  split  stream  of  fuel-water  mixture,  was  adopted  because  the  homogenizer  would  not  operate  without  overheating 
at  the  low  Row  rates  required  by  the  coalescer  section.  This  problem  exists  with  most  laboratoty  homogenizes  and  mills.  The  split- 
stream  system  also  provides  a  convenient  means  for  supplying  fuel-water  mixture  at  constant  pressure  to  the  coalescer  cell. 
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b.  Materials 


Materials  used  in  these  tests  include  fuels,  injection  water,  and  coalescence  media. 

Test  fuels  weie  used  as  follows: 

Test 

No.  Fuel 

1.2 

Uninhibited  JP-5,  not  further  identified 

3-21 

Uninhibited  JP-5  (Batch  23) 

22-25 

Bayol  R-34 

26-112 

Uninhibited  JP-5  (Batch  24) 

113-127 

Uninhibited  JP-5  (Batch  25) 

Distilled  water  was  used  as  the  injection  water  in  all  the  small-scale  coalescence  tests. 

A  variety  of  coalescence  media  was  used  in  exploratory  tests  (first  41  tests),  as  follows: 

Coarse  WSIM  disks 
Fine  WSIM  disks 

Filter-separator  mid'1’':  section  (Filters  Inc) 

Standard  steam  pip.  insulation 

Unidentified  glass  fiber  sheet 

Babcock  -  Wilcox  Kaowool 

Glass  Fiber  roof  insulation,  Johns-Manville 

Glass  wool 

Fentron  A+  polypropylene  felt 

Complete  plug  from  filter-separator  element  (Filters  Inc) 

Steel  wool 

Filter-separator  sock  material 
Whatman  filter  paper 

In  tests  42  to  1 27,  only  three  types  of  “Fiberglas®”  media  were  used  as  follows: 


Fiber _  Original  mat  characteristics 


Fiberglas® 

dia. 

Thickness, 

Surface 

designation 

in. 

in. 

density,  lb/ft2 

Density,  Ib/ft 

FM  003 

0.00003 

1/4 

0.010 

0.48 

FM01I 

0.0001 1 

1/4 

0.012 

0.57 

FM  018 

0.00018 

3/16 

0.016 

1.01 

These  media  are  described  by  the  manufacturer  (Owens-Coming  Fiberglas  Corp)  as  high-efficiency  filtration  media 
composed  of  fine  glass  fibers  bonded  with  a  thermosetting  resin. 

In  tests  42  to  127,  the  final  compressed  density  of  the  media  in  the  coalescer  cell  was  controlled.  In 
most  tests,  one  of  three  densities  was  used:  4, 8,  or  16  lb/ft3 .  Desired  densities  were  achieved  by  using  enough  sir  all 
ciicular  disks  to  provide  the  proper  weight  of  media  for  the  desired  thickness  and  density. 
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c.  Procedure 


The  sequence  of  procedures  used  in  preparation  for  a  test  in  the  small-scale  coalescence  apparatus  was  as 

follows: 

•  Clean  apparatus  and  components 

•  Install  media  in  coalescer  cell 

•  Pressure  check  coalescer  cell 

•  Assemble  apparatus 

•  Charge  reservoir  with  fuel 

•  Start  fuel  flow 

•  Start  water  injection  and  start  test 

Before  starting  a  test,  the  coalescer  cell  was  removed  from  the  apparatus  and  cleaned  by  rinsing  with 
isopropanol,  then  with  acetone,  and  then  air  dried.  The  settling  chamber  was  cleaned  by  rinsing  with  isopropanol 
and  then  with  test  fuel. 

in  tests  up  through  test  42,  the  lines  were  cleaned  by  pumping  isopropanol  and  then  fuel  through  the 
lines.  From  test  43  through  test  127,  the  lines  were  cleaned  by  draining  after  a  test  and  then  pumping  test  fuel 
through  the  system  for  10  min  and  then  taking  JOO-ml  A£L  samples  to  assure  that  the  free  water  ratings  were  0  to  1 
mg/liter  or  less. 

Disks  of  0.76-in.  diameter  were  cut  from  the  sheet  filtration  media  by  means  of  a  circular  punch.  In 
order  to  obtain  the  specified  media  density  for  a  given  test,  the  number  of  disks  providing  the  proper  weight  were 
packed  into  a  spacer  of  the  proper  length.  The  media  were  held  in  place  by  screen  supports  fastened  to  each  end  of 
the  spacer. 

The  airflow  resistance  of  the  media,  in  position  in  the  coalescer  cell,  was  measured  at  an  airflow  rate  of  8 
liters/min.  in  a  calibration  setup  similar  to  that  used  for  quality  control  on  ASTM  separometer  coalescer  disks. 

In  tests  35  to  127,  the  15-gal  fuel  reservoir  was  charged  from  a  55-gal  lined  steel  drum  by  means  of  air 
pressure.  The  drum  was  charged,  as  needed,  by  means  of  the  pumping  system  used  to  bring  fuel  from  the  storage 
tanks  ir.  to  the  Ai/SS  loop.  Before  entering  the  drum,  the  fuel  passed  through  a  filter-separator  unit.  In  order  to 
minimize  the  danger  of  picking  up  water  in  the  drum,  the  drum  was  usually  filled  at  the  end  of  the  day  to  take 
advantage  of  overnight  settling.  Also,  the  end  of  the  filling  tube  was  about  2  in.  above  the  bottom  of  the  drum.  A 
similar  arrangement  was  provided  in  the  15-gal  reservoir  on  the  small-scale  coalescence  apparatus.  The  end  of  the 
outlet  line  was  approximately  2  in.  above  the  bottom  of  the  reservoir.  Jn  addition,  the  reservoir  was  periodically 
emptied  through  a  drain  at  the  low  point  in  the  reservoir. 

The  majority  of  the  tests  were  of  20-min  duration,  and  the  usual  procedure  was  as  follows 

•  After  startin'-  fuel  How,  a  50Q-ml  AEL  sample  was  drawn  to  assure  that  no  free  water  was  present 
in  the  fuel. 

•  Water  injection  at  0.00025  gpm  (0.1%  of  fuel  flow  through  homogenize!)  was  started 

•  AEL  ratings  were  then  taken  at  5  mm  intervals  (ten*  were  reiminated  whenever  two  successive 
ratings  of  20+  or  higher  occurred). 
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With  regard  to  AEL  ratings,  sample  volumes  of  less  than  S00  ml  were  frequently  taken  (usually 
200  ml)  in  an  attempt  to  provide  a  quantitative  measure  of  free  water  content  where  coalescence  was  poor.  AEL 
data  from  the  small-scale  coalescence  tests  have  been  adjusted  for  sample  volume  in  accordance  with  the  correction 
factors  given  in  an  earlier  report^).  Correction  factors  for  the  sample  volumes  used  in  the  small-scale  coalescence 
work  are  listed  below: 


Sample 

size, 

Correctic 

ml 

factors 

200 

1.50 

300 

0.92 

400 

0.7-J 

500 

0.56 

All  AEL  data  given  in  this  section  on  small-scale  coalescence  tests  have  been  corrected  for  sample 
volume,  except  where  noted. 

3.  Test  Results  and  Discussion 

Five  groups  of  tests  were  run  in  the  small-scale  coalescence  studies  as  follows:  two  groups  of  exploratory  tests; 
a  group  of  tests  to  study  effects  of  media  parameters  on  coalescence;  a  group  of  tests  to  evaluate  a  gas-drive, 
orifice-disperser  system;  and  a  group  of  four  tests  on  two-layer  media. 

The  first  group  of  exploratory  tests  served  to  iron  out  rig  and  operational  problems  and  to  provide  an 
indication  that  the  major  problem  in  the  small-scale  coalescence  tests  would  be  obtaining  quantitative  ratings  of 
effluent  free  water  content.  A  variety  of  coalescence  media  was  tried  in  24  tests;  none  coalesced  water  effectively 
enough  to  provide  free  water  ratings  below  17  mg/2,  using  500-ml  samples  (10  ml/2  corrected  rating).  Test  condi¬ 
tions  were  as  follows.  Homogenizer  pressure  75  to  135  psi,  coalescer  cell  inlot  pressure  70  psi,  test  fuel  flow  rate  189 
ml/min,  water  injection  rate  0.1%  of  fuel  flow  rate,  and  test  fuel  temperature  in  the  range  of  63  to  86°F,  with  most 
tests  in  the  78  to  82°  F  range. 

Effluent  free  water  content  was  so  high  that  it  was  impossible  to  get  AEL  free  water  ratings  in  most  tests. 
Therefore,  visual  comparison  was  used  to  provide  a  relative  rating  of  free  water  content.  Samples  collected  from  the 
discard  line  with  various  rates  of  water  injection  were  used  as  the  standards: 

Water  injected, 

mg/2  Rating 


34  0 

64  1 

122  2 

197  2 

306  3 

429  4 

1000  4 


During  a  test,  fuel  samples  from  the  discard  line  and  from  the  test  cell  rutlet  were  collected  in  separate  test  tubes 
and  compared  to  give  a  rating  for  the  test-cell  effluent 

Although  the  method  provides  only  a  qualitative  rating  of  free  water  content  it  was  possible  to  show  that 
appreciable  differences  in  coalescing  ability  existed  amonj'  the  various  media.  The  results  of  these  first  24  explora¬ 
tory  tests  are  presented  in  Table  80.  One  of  the  most  significant  conclusions  from  these  tests  is  that  ail  media  caused 
some  coalescence.  In  all  tests,  effluent  fuel  tube  ratings  were  lower  than  discard  fuel  tube  ratings  (these  were  4  in  all 
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TABLE  80.  INITIAL  EXPLORATORY  SMALL-SCALE 
COALESCENCE  TESTS 


Homogeaizer  praam:  75-135  pa 

Water  ogcciioa  rate:  0.1* 

Test  cd  Piet  peostft.  70pa« 

Ten  cel  uki  temperature 

Test 

no. 

Fed 

Mnka 

No.  of 
diski 

^Tadtness. 

a. 

SettJmg 

dnroba 

ipptrjncc 

F 

Uwonected  j 
AELntat.* 
•tf* 

FJfkuert 
tot  tube 
retag 

2 

JP-S 

Fine  (red)  WSIM 

s 

i* 

3 

JP5 

DOD  middle  map 

1 

1/4 

Very  dowdy  j 

Waked  cat  5 

— 

1 

am 

4 

JP-5 

Fine  (red)  WSIM 

8 

1/4 

Giedy 

Waded  oat  5 

— 

5 

JP-5 

Steam  wrap  (used) 

1/2 

Clear 

20* 

Oat  Sown 

tjoccsnpressed 

JP-5 

DOO  middle  wrap 

2 

7/16 

Oar  with 

20  at  1$ 

lat'Otam 

It 

ssnxfl  droplets 

min 

in 

Insulation.  unidentified 

3 

1/2 

Cleat  wti 

- 

Ultra 

smart  droplets 

g 

Wool  blanket  1/4* 

6 

1C 

Gear  with 

- 

1  at  5  man 

8  Ib/cu  ft 

small  droplets 

9 

JP-5 

1  P*n* 

1/2 

Cloudy 

_ 

_  it  3  min 

10 

JP-5 

1  fine  WSIM  disk  & 

note 

1/2 

Sightly 

17-20  at 

Oat  5  mas 

2'  of  uncompressed 

media 

cloudy 

20icin 

steam  wrap  (used) 

11 

JP-5 

note 

1/2 

Cloudy 

— 

2  at  5  mil 

2' of  uncompressed 

media 

steam  wrap  (unused) 

12 

JP-5 

4-5/8"  of  fiber- 

note 

1/2 

Sightly 

- 

1  at  5  nun 

glass  roofinsu! 

media 

doudy 

13 

JP-5 

Medium  glass  -voci 

Hand 

1/2 

Very  doudy 

- 

3  at  5  min 

packed 

14 

JP-5 

Polypropylene  felt 

2 

7/16 

Cloudy 

- 

3  at  5  min 

15 

JP-5 

One  fine  WS1M  disk  A 

See 

1/2  +  1/2 

Slightly 

- 

?  at  5  non 

1/2”  used  steam  pipe 

media 

cloudy 

2  at  16  min 

wrap  +  8  coerse  WSIM 

disks 

16 

JP-5 

One  fine  WSIM  disk. 

See 

1 

Fine  cloudy 

- 

0  a!  5  min 

2"  used  steam  pipe 

meuia 

streaks 

wrap,  and  8  coarse 

WSIM  disks 

17 

JP-5 

Special  test  for  establishing  approximate  water  contents  for  tube  ratings. 

18 

JP-5 

Filters  Inc  element 

See 

3/4 

Cloudy 

- 

2  at  15  min 

plug  with  sock 

media 

19 

JP-5 

Filters  Inc  element 

See 

3/8 

Sightly 

- 

l  at  5  min 

plug  with  sock 

media 

Cloudy 

20 

JP-5 

21 

JP-5 

22 

Bayol  R-34 

One  fine  WSIM  disk  & 

See 

1/2 

Slightly 

- 

1  at  5  min 

2”  steam  pipe  wrap 

media 

cloudy 

23 

Bayol  R-34 

8  fine  and  8  coarse 

See 

1/2 

Slightly 

- 

1  at  5  min 

WSiM  disks,  alternating 

media 

cloudy 

1  at  15  min 

24 

Bayol  R-34 

Two  fine  WSIM  disks. 

See 

1/2. 

Slightly 

- 

1  at  5  min 

891  mg  steel  wool,  2 

media 

cloudy 

coarse  WSIM  disks 

25 

Bayol  R-34 

One  fine  WSIM  disk  & 

See 

1/2 

Slightly 

- 

0-1  at  5  min 

2W  uncompressed  used 

media 

cloudy 

steam  pine  wrap 

•500ml  sample. 
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lets).  Abo.  m  several  :<sb.  dkM  ratkgs  of  !tss  thi  2  «a;  choc^.  Iks  i. -salts  ^rebate  *kn  media 
■kirk  ob  ciriejt  qpjTm  ino—u  offetitfa—det  tie  coetfins  ari.  Tw  aros  foe  farther  srtdy  «jtd 
evident  oa  the  bass  of  (bee  wta!  optnoen:  (!)  dndo^mt  c f  a  core  qnaitxm  free  wj.fr ntie; nc'iod 
fer  a  wide  nage  of  cmfitruv  aad  (2)  a  svstenztx  study  of  toe  effects  of  cub  pwetns  on  coafesoeac.. 

it  was  decided  to  stwdy  dure  glass  fiber  eaetaa  parameters:  Bn  do Orta,  nsda  density,  aad  media  dtiuucs. 
b*  pmneter  was  to  be  stodsed  at  three  letch.  Howerei.  before  this  tea  program  was  tinted,  aa  adSHond  r-ies 
of  ex^antoty  tests  was  performed,  mainly  to  see  if  suffideai  quiescence  cook!  be  obtained  to  permit  toe  of  the 
AEL  free  water  detection  method  in  opofonedoe  with  smaller  A  El.  sample  sires.  Results  of  these  tests  are 
suomonzed  in  Table  SI. 


TABLE  81.  SECOND  SERIES  OF  EXPLORATORY  SMALL-SCALE 
COALESCENCE  TESTS 


Fuel:  JP-5  Homage rureT  pressure:  70-100  psi  Water  injection  rat;:  C.i5 

Test  cell  infcl  pressure:  70  Test  cefl  inlet  temperature:  65°  to  78°F 

Test  no. 

Media 

Thickness,  in. 

AFT.  rating,*  mg/f 

26 

One  fine  and  one  coarse  WSLM  disk 

1/16 

20+++ at  8  min 

27 

Two  fine  and  two  coatse  WSJM  disks 

1/8 

Below  12  for  27  irin 

28 

Four  fine  and  four  coarse  WSIM  disks 

1/4 

Below  10  for  24  man 

29 

Four  fine  and  four  coarse  WSIM  disks 

1/4 

Below  1 1  for  20  min 

30 

Four  fine  and  four  coarse  WSIM  disks 
plus  one  course  WSIM  disk 

1/4+  j/16 

20+++  at  1 1  min 

31 

Four  tine  and  four  coarse  WSIM  disks 

1/4 

20+++  at  3  min 

32 

Four  fine  and  four  coarse  WSIM  disks 

1/4 

20+++  at  2  min 

33 

Four  fine  and  four  coarse  WSIM  disks 
plus  coltor  sock 

i/4 

20+++  at  8  min 

34 

Four  fine,  four  coarse  WSIM  disks, 
and  one  thickness  Whatman  filter 
paper 

1/4 

20+++  at  8  min 

31 

Four  fine  and  four  coarse  WSIM  disks 

1/4 

20+++  at  8  min 

36 

Four  fine  and  four  coarse  WSIM  disks, 
and  one  thickness  Whatman  filter 
paper 

1/4 

18-19  at  6  min 

:  37 

1 

t 

Four  f'r.c  WS!M  disks,  one  thickness 
Whatman  filter  paper,  four  coarse 

WSIM  disks 

1/4 

20+++  at  6  min 

38 

Four  fine  WSIM  disks,  two  coarse  WSIM 
disks,  one  thickness  Whatman  filter 
paper,  two  coarse  WSIM  d;sks,  and  one 
thickness  Whatman  filter  paper 

i/4 

20+  at  5  min 

39 

Four  fine  and  four  coarse  WSIM  disks 
plus  1  layer  of  cotton  sock 

1/4 

1  at  17  min 

40 

DOi>  element  plug 

1 

4  at  12  min 

20+  at  1 7  min 

41 

DOD  element  plug 

1/2 

10  at  9  min 

20+  at  13  min 

'(.'oiTectcil  for  sample  size  except  for  2CH-,  20++,  said  20++-*-  ratings. 
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The  review  of  earlier  work  and  the  exploratory  runs  imicated  that  the  small-scale  coalescer  apparatus,  includ¬ 
ing  the  haeaogeaizer,  coaid  be  used  in  rating  the  performance  of  various  coalescence  media.  The  number  of 
parameters  imohred  in  studying  coalescence  media  is  sizable  and  includes  the  following:  media  form  (fibers, 
particles,  porous  structure),  media  material  (glass,  metais.  ceramics,  organic  compounds,  natural  fibers,  etc.)  size  and 
■number  of  openings  in  media  sizi  of  particles  oj  fibers,  thickness  of  media,  and  number  of  layers  (each  layer  being 
subject  to  the  satrs  number  of  parameters). 

It  ares  decided  to  study  the  effects  of  three  parameters  on  the  coalescing  be  ha  nor  of  fiberglass  media  as 
follows: 

Fiber  size  (0.00003. 0.000!  1 ,  aid  0.00018  in.  dia) 

Media  density  (4, 8,  and  16  lb/ft3) 

Media  thickness  (1/8, 1/4,  and  1/2  in.) 

The  test  program  w as  set  up  as  a  full-factorial  experiment,  with  duplicate  rum  at  each  combination  of  parameter 
values. 

The  results  of  the  tests  to  study'  effects  of  media  parameters  on  coalescence  are  given  in  Table  82- 

In  order  to  condense  these  data  for  examination,  an  average  AEL  rating  was  calculated  for  each  fiber 
diameter-density -media  thickness  combination,  using  all  the  data  in  Table  82.  In  order  to  make  these  calculations, 
20+,  20*-f,  and  20+++  ratings  were  arbitrarily  assigned  values  of  30,  50,  and  100  mg /£,  and  sample  volume 
corrections  were  also  applied.  The  resulting  averages  are  shown  in  Table  83. 

Table  83  also  gives  overall  averages  fer  each  density,  each  thickness,  and  each  fiber  diameter.  Examination  of 
these  averages  indicates  the  following  trends: 


best  density:  :  6  lb/ft3 
best  thickness:  1/4  in. 
best  fiber  diameter:  0.0001 1 


Possibly  it  is  only  fortuitous,  but  the  best  performance  of  the  27  fiber  diameter-density-thickness  combinations  was 
for  the  0.000 11 -in .-dia  fiber,  16  !b/ft3  density,  and  1/4-in.  thickness  combination. 

It  was  originally  planned  to  also  study  the  effects  of  multilayer  media,  but  time  permitted  only  four  tests  on 
two-layer  media,  see  Table  84.  The  results  indicate  that  coalescence  was  good  in  these  tests.  At  least,  quantitative 
AEL  ratings  (using  200  ml  samples)  were  obtained  throughout  these  tests,  indicating  that  free  water  conten'.s  did  not 
exceed  20  nig/fi. 

A  total  of  eight  tests  were  run  to  try  out  the  use  of  a  helium-drive,  orifice-disperser  system  which  would  not 
require  the  use  of  the  homogenizer.  Preliminary  experiments  showed  that  veiy  fine,  uniform  water  dispersal  coidd  be 
obtained  by  using  pressures  of  80  psi  and  85  psi  to  drive  the  fuel  and  water,  respectively,  and  a  0.016-in-dia  orifice. 
Test  results  presented  in  Table  85  indicate  that  coalescence  was  generally  very  poor  in  tlV  ;e  tests.  However,  due  to 
the  40-  to  60-psi  pressure  drop  across  the  orifice,  many  bubbles  were  present  in  the  fuel  downstream  of  the  orifice, 
a  was  felt  that  the  bubbles  would  interfere  with  coalescence  and  the  orifice-disperser  system  was  abandoned. 

The  airflow  resistance  of  the  media  was  measured  before  nearly  ail  tests.  This  was  accomplished  in  the 
apparatus  regularly  used  for  checking  airflow  resistance  of  WS1M  discs.  The  pressure  drop  across  the  media  was 
measured  at  an  airflow  rate  of  82/min.  The  pressure  drops  for  individual  test  media  are  given  in  Tables  82  and  A 
plot  of  logarithm  of  average  pressure  drop  versus  logarithm  of  density  for  different  media  thicknesses  and  fiber 
diameters  is  shown  in  Figure  12.  In  all  nine  combinations  of  media  thickness  and  fiber  diameter,  the  plots  very 
closely  approximate  straight  lines. 


TABU  82.  SMALL-SCALE  COALESCER  TEST  RESULTS 


Homogenizer  pressure:  70  to  90  psi  Test  cell  inlet  pressure:  70  psi 

Writer  injection  rate:  0.1%  Test  cell  inlet  temperature:  66°  to  78°F 


Test 

no. 

Fiber 

diameter. 

in. 

Compressed 

density, 

lb/ft3 

Thickness, 

in. 

Coalescer 
cell  AP,  psi 

Pretest 

AEL  rating  j:  in  mg/S  at 
indicated  time  (min) 

Air 

flow* 

... 

Fuel 

flowf 

5 

10 

15 

20 

42 

0.00003 

8 

0.50 

5.02 

20 

0 

20+++ 

... 

... 

... 

43 

0.00003 

8 

0.25 

2.35 

16 

0 

13 

18 

... 

32 

44 

0.00003 

8 

0.12 

1.47 

10 

0 

31 

... 

... 

... 

45 

0.00003 

8 

0.50 

— 

18 

0 

20+ 

... 

... 

... 

46 

0.00003 

8 

0.25 

3.44 

14 

0 

20+++ 

... 

... 

... 

47 

0.00003 

8 

0.12 

2.78 

10 

0 

9 

... 

29 

48 

0.00018 

16 

0.50 

0.66 

14 

0 

11 

13 

15 

31 

49 

0.00018 

16 

0.12 

— 

3 

0 

29 

18 

20+*+ 

... 

57-A 

0.00018 

4 

0.50 

0.48 

3 

1 

7 

n 

12 

11 

58 

0.00018 

4 

0.12 

0.10 

3 

0 

20+++ 

... 

... 

... 

59 

0.00018 

16 

0.25 

0.19 

4 

1 

2 

6 

6 

4 

60 

0.00018 

16 

0.50 

0.58 

4 

1 

1 

29 

20+ 

20  -v 

61 

0.00018 

16 

0.25 

0.20 

4 

1 

2 

6 

6 

6 

62 

0.00018 

16 

0.12 

0.14 

4 

1 

15 

27 

31 

20++ 

64 

0.00018 

8 

0.50 

0.15 

4 

0 

12 

12 

12- 

12 

65 

0.00018 

8 

0.25 

0.08 

4 

0 

7 

12 

23 

20+ 

66 

0.00018 

8 

0.12 

0.08 

3 

0 

29 

20+ 

20++ 

20+++ 

67 

0.00018 

8 

0.12 

0.06 

3 

0 

20+++ 

20+++ 

... 

... 

68 

0.00018 

8 

0.25 

0.10 

4 

0 

2 

2 

2 

4 

69 

0.00018 

8 

0.50 

0.14 

3 

0 

24 

20 

21 

23 

70 

0.00003 

16 

0.25 

... 

43 

0 

12 

15 

31 

31 

71 

0.00003 

16 

0.50 

— 

64 

0 

20+++ 

... 

20+++ 

20+++ 

72 

0.00003 

16 

0.12 

4.98 

20 

0 

12 

12 

12 

29 

73 

0.00003 

16 

0.50 

— 

15 

0 

20+++ 

~ 

“*** 

— 

76 

0.00018 

8 

0.50 

0.15 

4 

9 

7 

10 

10 

77 

0  00018 

8 

0.12 

0.08 

3 

0 

20+++ 

20+++ 

... 

--- 

78 

0.00018 

8 

0.25 

0.08 

3 

0 

8 

12 

15 

29 

79 

0.00018 

8 

0.50 

0  13 

3 

0 

29 

27 

27 

80 

0.00018 

8 

0.25 

0.07 

4 

0 

I 

2 

2 

4 

81 

0.00018 

3 

0.12 

0.03 

3 

0 

20+++ 

... 

20+++ 

82 

0.00018 

4 

0.50 

O.Oo 

3 

0 

... 

12 

12 

12 

83 

0.00018 

4 

0.12 

0.01 

3 

0 

20+++ 

... 

84 

0.00018 

4 

0.25 

0.03 

3 

0 

30 

3i 

2f>+ 

20+ ++ 

85 

0.00018 

4 

0.50 

0.06 

4 

0 

13 

15 

13 

13 

86 

0.00018 

4 

0.25 

0.03 

3 

0 

30 

20+ 

20++ 

29+++ 

87 

0.00018 

4 

0.12 

0.02 

3 

0 

20+++ 

... 

... 

20+++ 

88 

0.0001 8 

4 

0.50 

0.05 

3 

0 

20+++ 

20* +♦ 

— 

20+++ 

89 

0.00018 

4 

0.12 

0.01 

3 

0 

20+++ 

20+++ 

... 

20*++ 

90 

0.00018 

4 

0.25 

0.02 

4 

0 

20+++ 

20*** 

20+++ 

20+ ++ 

9 1 

0  00018 

4 

040 

004 

J 

0 

10 

24 

31 

20* 

92 

000018 

4 

0.25 

0.02 

3 

0 

23 

30 

20* 

20+ 

9  3 

0.00018 

4 

0  12 

001 

3 

0 

20*** 

— 

— 

20+++  j 

94 

000018 

16 

0.50 

041 

4 

0 

20* 

20* 

20+  ] 

TABLE  82.  SMALL-SCALE  COALESCER  TEST  RESULTS  (Cont’d) 


Homogenizer  pressure:  70  to  90  psi 
Water  injection  rate:  0.1% 


Test 

no. 

Fiber 

diameter, 

in. 

95 

0.00018 

96 

0.00018 

97 

0.00018 

98 

0.00018 

99 

0.00018 

100-103 

See  Table  84 

'04 

0.00011 

105 

0.00011 

106 

0.00011 

107 

O.OGOil 

108 

0.00011 

109 

0.0001 1 

110 

0.00011 

111 

0.000!  1 

112 

0.00011 

113 

0.00011 

114 

0.00011 

115 

0.00011 

116 

0.00011 

117 

0.00011 

118  i 

0.00011 

119 

O.OOOil 

120 

0.00011 

121 

0  fVV>]  1 

122 

0.00003 

123 

0.00003 

124 

0X0003 

125 

0.00003 

126 

0  00003 

127 

l 

0.00003 

Compressed 

density, 

lb/ft3 


Thickness, 

in. 


Coalescer 

_ cell  AP,  psi 

Air  Fu 
flow*  flow 


“MemeretJ  it  8  t'mjn  »uffc>» 

■Measured  us  OTiO  iL  tk  i  v-tirm-  before  itajl  of  »iter  m>ev:(ioo 
tt'oerrcied  t~.  .vnpte  eerespl  fof  30».  JO**.  and  e®*-*  ‘  rrfwe-t 


Test  cell  inkt  pressure:  70  psi 

Test  cell  inlet  temperature:  66°  to  78° F 


AEL  rating  |  in  mg /£  at 

indicated  time  (min)  _ 

Pre-test  5  T  10  15  20 


2  2  4  4 

20+ ++  —  --  20++ 
20++- *  20++-+  —  20+-+ 

7  9  10  9 

20++  20+++  20+++  20+++ 


20+++ 

27 

29 

2 

20*++ 

20++ 

4 

20+++ 

20+ 


31 

20+++ 

5 

20+++ 

20+++ 

20++ 

20+++ 

20+ 

n 

13 

0 

1 

5 

3 

20+ 

3 


20+++  I  20++ 


10! 


TABLE  83.  AVERAGE  AEL  RATINGS  FOR  MEDIA  FIBER 
DIAMETER-DENSITY-THICKNESS  COMBINATIONS 


Compressed 


0.00003 
0.00011 
0.000'  3 

0.00003 

0.00011 

0.00018 

0.00003 
0.0001 1 
0.00018 


Or&dl  i iveragei  by  classes 


Fiber  diameter: 

Density 

Thickness: 


Average  aEL  rating 
(mg/8)  at  indicated  thickness 

IIBU 

1/4  in. 

SEE! 

150 

131 

150 

126 

120 

3 

150 

81 

37 

23 

53 

98 

83 

71* 

58 

119 

< 

11 

18 

16 

22 

150 

4 

2 

40 

59 

i 

27 

59 

0.00003 

264 

0.00011 

172 

0.00018 

187 

4 

316 

8 

181 

16 

126 

1/8 

243 

1/4 

175 

!»  _l 

204 

TABLE  85.  SMALL-SCALE  COALESCER  TESTS  RESULTS-HELIUM  DRIVE 


The  differential  pressure  of  the  coalescer  cell  was  also  measured  when  fuel  was  flowing  during  the  coalescence 
tests.  The  differential  pressure  measured  just  before  the  start  of  water  injection,  reported  in  Tables  82  and  85,  would 
also  be  expected  to  vary  regularly  with  media  density  and  thickness.  The  test  data  for  0. 00003-in, -dia  fiber  media 
show  such  a  relation  (see  Figure  13).  In  the  cue  of  the  coarser  fibers  (0.0001 1-in.  and  0.00018-in.  die),  the  range  of 
fuel-flow  differential  pressure  was  too  limited  to  demonstrate  clear-cut  relationships  between  pressure  and  media 
thickness  and  density.  Definite  relations  between  these  variables  no  doubt  exist,  but  the  differential  pressure  data 
were  not  sufficiently  accurate  nor  precise  to  reveal  these. 


FIGURE  13.  FUEL  FLOW  PRESSURE  DROP  O" 
COALESCENCE  MEDIA  VS  MEDIA  DENSITY 


Using  the  data  for  the  0.00003-in.-dia  fiber  media,  good  correlation  between  airflow  and  fuel  flow  differential 
pressure  is  obtained  as  shown  in  Figure  14.  The  forgoing  results  show  that  valid  correlations  between  airflow  and 
fuel  flow  differential  pressures  can  be  obtained.  In  the  airflow  pressure  measurements,  test  conditions  can  be  easily 
and  precisely  controlled  and  extraneous  influences  are  minimized  in  contrast  to  fuel  flow  pressure  measurements.  It 
is  suggested  that  in  future  coalescence  studies,  media  flow  resistance  be  characterized  on  the  basis  of  airflow 
measurement,  perhaps  in  conjunction  with  differential  pressure  measurements  taken  during  the  coalescence  tests. 
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4.  Conclusions  and  Recommendations 

On  the  basis  of  test  results,  the  best  of 
nine  combinations  of  parameters  for  conven¬ 
tional  glass-fiber  media  (fiber  diameter,  density, 
and  thickness)  in  removing  dispersed  free  water 
from  fuel  was  0.0001 1  in.-dia  fiber,  16-lb/ft3 
density,  and  1/4-in.  thickness. 

Results  from  a  limited  number  of  tests  on 
two-layer  media  suggest  that  a  combination  of 
dense  and  less  dense  media  (in  the  direction  of 
fuel  flow)  can  provide  good  coalescence.  This  is 
in  accord  with  common  design  practice. 

The  results  indicate  that  the  test  methods 
could  distinguish  between  the  coalescence  per 
formance  of  several  glass-fiber  media.  Con¬ 
tinuation  of  this  work  should  provide  further 
information  about  the  effects  of  the  media 
parameters  and  the  effectiveness  of  media  other 
than  that  made  of  glass-fibers.  One  very 

important  aspect  of  the  coalescence  studies  which  was  not  attempted  in  this  program,  but  which  warrants  attention, 
is  the  correlation  between  small-scale  coalescer  tests  results  and  filter-separator  test  results. 


Airtlow  «i 

FIGURE  14.  CORRELATION  DETWEEN  FUEL 
FLOW  AP  AND  AIR  FLOW  AP 


It  is  recommended  that  improved  uniformity  in  test  conditions  would  result  fiom  a  design  using  either  an 
outside-pressurized  bladder  or  a  large-displacement,  one-stroke  piston  to  drive  the  test  fuel,  in  conjunction  with 
cither  an  orifice,  a  mechanical  disperser,  or  an  ultrasonic  disperser.  Such  a  system  would  avoid  gas-bubbling  problems 
associated  with  gas-drive  systems,  as  well  as  the  pump  wear  debris  and  pulsating-flow  problems  associated  with 
pump-drive  systems. 
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SECTION  VIII 


MISCELLANEOUS 


1.  Madia  Plugging  at  Low  Temperatures 

a.  Introduction 

The  phenomenon  of  accelerated  element  plugging  under  low-temperature  field  conditions  was  the  sub¬ 
ject  of  this  study.  Analysis  of  elements  which  had  exhibited  premature  plugging  under  -uch  field  conditions  had 
revealed  nothing  unusual  except  high  contents  of  glycerol,  and  the  problem  had  been  tentatively  attributed  to  trace 
amounts  of  insoluble  glycerol  in  fuel-FSII  blends.  At  the  nominal  use  concentration  of  0.1  vol  %  FSII  in  the  fuel,  the 
total  glycerol  content  of  the  fuel  is  0.0004%  (4  ppm)  when  using  the  FSII  that  was  standard  at  the  time  this  work 
was  performed*.  It  has  been  stated  that  the  content  of  insoluble  glycerol  in  such  fuel  blends  is  about  1  ppm;  how¬ 
ever,  this  can  be  only  a  rough  approximation,  since  the  glycerol  solubility  must  be  influenced  very  markedly  by  the 
water  content  of  the  fuel,  as  well  as  by  fuel  aromaticity  and  temperature. 

Preliminary  efforts  to  design  an  apparatus  which  could  closely  duplicate  actual  field  conditions  on  a 
small  scale  centered  on  a  pump-drive  system  using  a  small  gear  pump  of  the  same  type  as  those  used  in  separometer 
and  fuel  coker  equipment.  This  system  proved  completely  impractical,  since  the  quantities  of  solid  material  in  the 
fuel  passing  through  the  media  were  so  great  as  to  invalidate  any  plugging  results.  The  material  was  almost  certainly 
pump  wear  debris.  The  system  was  then  rebuilt  using  helium  drive. 

b.  Apparatus 

A  stainless  steel  fuel  tank  was  pressurized  to  70  psi  with  helium  to  drive  the  fuel  through  the  rig.  All 
tubing  used  was  stainless  steel,  except  the  cooling  coil,  which  was  aluminumf.  By  proper  choice  of  flow  plan  and 
physical  arrangement  of  components,  gas-bubbling  problems  were  avoided.  The  flow  plan  of  the  apparatus  is  shown 
in  Figure  15.  Designed  in  this  way,  the  rig  operated  very  smoothly,  and  the  data  ca.->  be  accepted  with  confidence  as 
representative  of  the  actual  behavior  of  the  fluids  rather  than  vagaries  of  the  test  system. 

The  test  cell  used  was  similar  to  that  of  the  ASTM  water  separometer.  Inside  diameter  of  the  cell  was 
0.75  in.  and  depth  was  0.50  inch.  Spacers  (orifice  disks)  were  used  to  reduce  the  compression  gap  to  0.072  inch.  The 


Hg  Manometer 


FIGURE  15  SMALL-SCALE  MEDIA  PLUGGING  APPARATUS 


♦The  FSII  used  in  ihis  wr  k  conformed  to  MIL  I-27686D  and  contained  0.4%  glycerol  and  99.6%  ethylene  glycol  monomethy! 
ether  (EGME). 

(Copper  tubing,  used  in  early  work,  appeared  to  contribute  contaminants  to  the  fuel  under  some  conditions. 


107 


orifices  in  the  spacers  and  in  the  cell  itself  were  0.18  t«0.J9  in.  in  diameter.  The  spacer  used  immediately  upstream 
of  the  media  had  an  orifice  diameter  of  0.19  in.,  and  this  is  the  value  used  in  calculating  flow  area,  velocity,  and 
throughput  ratio. 

The  test  cell  was  located  within  about  2  ft  of  the  cooling  coil  outlet  (see  Figure  IS)  to  minimize  heat 
pickup  the  line,  and  all  cold  lines  and  the  cell  itself  were  heavily  insulated.  At  the  normal  operating  conditions  of 
100  ml/min,  holding  the  cell-inlet  fuel  temperature  at  35°F,  a  cooling  bath  temperature  of  about  18°F  was  required. 

For  the  work  reported  here,  each  set  of  test  media  consisted  of  a  fine  and  coarse  separometer  disk,  cut 
down  to  0.75  in.  in  diameter,  fhesc  were  installed  in  the  cell  so  that  the  fuel  flowed  first  through  the  fine  and  then 
the  coarse  disk.  The  cut-down  disks  were  weighed  and  checked  individually  for  airflow  resistance  in  the  same  cell 
used  for  the  test,  with  an  airflow  rate  of  8  G/min. 

c.  Program  and  Piocedure 

This  program  was  started  using  ASTM  reference-grade  iso-octane  as  the  base  fuel,  in  order  to  avoid 
possible  complications  with  fuel  aging  and  gum  precipitation  during  the  test  series.  Not  enough  iso-octane  to 
complete  the  program  could  be  obtained  on  a  timely  basis,  so  the  major  portion  of  the  program  was  run  with 
uninhibited  JP4  base  fuel.  This  was  blended  with  FSH  (0.4%  glycerol)  or  with  EGME  (glycerol-free  FSII)  in 
concentrations  of  0.15  or  0.25%. 

Each  test  was  run  on  36  G  of  fuel,  filtered  through  a  0.8m  membrane  filter,  and  blended  with  FSII  or 
EGME  according  to  closely  controlled  procedures  that  are  outlined  below.  In  the  following  summary  of  the  test 
series,  ail  tests  (unless  otherwise  indicated)  were  run  on  JP-4  fuel  at  a  cell  inlet  temperature  of  35°F,  with  a  time 
lapse  of  not  more  than  2  hr  between  final  filtration  of  the  fuel  and  the  start  of  the  pumping  test. 


Run 

no. 

FSII, 

vo!  % 

Procedure  and 
blend  container 

Remarks 

14 

0 

A.  Tank 

Iso-octane  base  fuel  in  Runs  1-2 

5-6 

0.25 

B.  Unlined  cans 

711 

0.15 

B.  Unlined  cans 

Temperature  77°  F  in  Run  9 
EGME  additive  in  Runs  10-11 

12-13 

0 

B.  Unlined  cans 

18  hr  in  can  (Run  12) 

2  hr  in  can  (Run  13) 

14 

0 

A.  Tank 

15 

0 

B.  Lined  cans 

16-18 

0.15 

C.  Tank 

EGME  additive  in  Run  18 

In  Procedure  A,  the  fuel  was  prefiltered  through  a  membrane  filter  installed  in  the  fill  line  of  the  fuel  tank  of 
the  apparatus  (see  Figure  16),  evacuating  the  fuel  tank  to  draw  the  fuel  through  the  filter.  This  filtered  fuel  was  then 
used  in  the  test  without  further  handling.  No  FSII  or  EGME  was  involved  in  any  of  the  fuels  handled  by  Procedure  A. 
The  time  lapse  between  filtration  art  start  of  pumping  test  was  very  short. 

In  Procedure  B,  base  fuel  was  prefiltered  into  cleaned  cans,  blended  with  FSII  or  EGME,  if  applicable,  and 
then  drawn  directly  into  the  fuel  tank  without  further  filtration.  This  procedure  was  imended  to  bring  into  the  test 
system  any  insoluble  material  precipitated  from  the  fuel  by  the  addition  of  FSII  or  EGME.  Howevei,  any  insoluble 
material  that  settled  out  in  the  blend  cans  would  not  be  brought  into  the  test.  Storage  time  in  the  cans  was  less  than  2  hr 
except  in  two  special  tests  where  it  was  stored  for  2  and  18  hr.  If  no  additive  blending  was  involved,  as  in  Run  15,  the 
time  lapse  (storage  time)  was  very  short. 

In  Procedure  C.  prefiltered  base  fuel  was  drawn  into  the  fuel  tank,  line-blending  the  additive  by  injecting  at  a 
rate  to  approximately  match  the  final  additive  concentration  (see  Figure  17).  This  method  minimized  the  probability  of 
losing  insoluble  matter  before  it  reached  the  test  filter  during  the  pumping  test.  The  time  lapse  between  filtration  and 
start  of  the  pumping  test  was  very  short. 
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FIGURE  16.  FUEL  TANK  CHARGING  APPARATUS 
AS  USED  FOR  MEDIA  PLUGGING  IN 
TESTS  1-4  AND  14 


FIGURE  17.  FUEL  TANK  CHARGING  APPARATUS 
AS  USED  FOR  MEDIA  PLUGGING  IN 
TESTS  16-18 
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Ail  blending  and  charging  operations  were  conducted  at  normal  laboratory  temperature.  No  attempt  was 
made  to  control  the  dissolved  water  content  of  the  base  fuel.  All  equipment  and  blending  containers  were  cleaned 
thoroughly  to  remove  extraneous  solid  contaminants. 

When  starting  a  test,  flow  was  directed  through  the  bypass  line  until  conditions  were  sfibilized,  then 
switched  through  the  lest  cell.  Zero  time  was  selected  as  the  time  at  which  pressure  rise  became  more  moderate 
following  the  very  rapid  pressure  rise  accompanying  the  start  of  flow  through  the  cell.  Assigning  the  zero  time  was  quite 
difficult  in  tests  that  gave  rapid  plugging. 

In  most  cases,  AP  readings  and  system  conditions  were  recorded  every  10  min  after  the  start  of  the  test.  The 
fuel  flow  rate  was  maintained  at  100  ml/min  for  251.75  min.  In  some  tests  performed  at  low  •  mpe  ature,  flow  was 
continued  after  25 1 .75  minutes,  and  the  cooling  bath  was  removed  untii  the  fuel  temperature  came  to  equilibrium  with 
ambient  A  post-test  manometer  leading  was  recorded  when  the  decreasing  /-P  stabilized. 

d.  Throughput  Calculations 

A  tlroughput  of  100  ml/min  for  251.75  min  (25.175  8)  corresponds  to  a  throughput  ratio  of  235  gaJ/in2  of 
filter  surface,  using  the  0. 19-in.  orifice  diameter  to  define  the  filter  surface  area.  On  this  same  basis,  the  superficial  flow 
velocity  is  t  7.93  ft /min.  For  a  military-standard  element  processing  50,000  gal  of  fuel  at  20  gpm,  the  throughput  ratio  is 
238  gai/ins  and  the  superficial  flow  velocity  is  1.84  ft/tr>n.*  Thus,  it  can  be  seen  that  the  experiment  matches  the  field 
conditions  closely  on  the  basis  of  throughput  ratio,  but  the  flow  velocity  in  the  small  rig  is  approximately  10  times  that 
of  the  fi*.U-st>e  element.  The  higher  flow  velocity  was  chosen  in  the  program  in  order  to  bong  the  test  period  within 
seasonable  limits.  It  should  be  noted  that  the  calculated  velocity  of  1 7.93  ft/mln  in  the  cell,  based  on  the  0.1 9-in.  orifice 
diameter,  is  not  really  representative  of  the  true  conditions  in  rhe  cell,  since  the  fuel  stream  undoubtedly  spreads  out 
through  a  greater  area  of  the  beu.  Based  on  measurements  of  media  stain  diameters,  it  appears  that  the  true  superficial 
velocity  in  the  cei!  must  be  somewhat  under  25"  of  the  nominal  1 7.9.3  ft /min;  i.e.,  somewhat  under  4.5  f«/m*n.  A 
comparison  of  calculated  velocities  and  tnroughputs  is  given  in  the  following  table' 


Superficial 

velocity, 

fit/min 

Throughout, 

gal'in1 

Mil-std  element.  50,000  gal 

Small-scale  apparatus: 

1.84 

238 

Based  on  0.1 9-in.  orifice 

17.93 

235 

Based  on  estimated  flow  area 

<4.5 

<60 

e  Test  Results  and  Discussion 

Data  obtained  in  all  18  runs  on  the  gas-drive  plugging  rig  are  summarized  in  Table  86,  and  the  pressure- 
drop  data  are  plotted  in  Figures  18  to  23.  Fluids  without  FSII  or  EGME  tested  immediately  after  filtering  (runs  I  4, 
14  and  151  gave  practically  no  plugging  (Figure  18).  In  contrast,  Runs  I2and  13,  performed  with  uninhibited  JP-4 
that  had  been  filtered  into  and  stored  in  unlined  steel  cans,  gave  moderate  media  plugging.  A  plot  of  the  values 
obtained,  shown  on  Figure  1 9,  indicates  that  the  pressure-drop  increase  was  almost  linear  throughout  the  tests.  This 
is  in  marked  contrast  to  plugging  rates  obtained  with  FSII-blended  fuels,  wheie  the  pressure-drop  increase  ratp 
tended  to  diminish  with  test  time.  The  behavior  of  the  fuel  in  Tests  12  and  13  suggests  the  possibility  of  foreign 
contamination  or  of  time-dependent  changes  in  the  fuel  (such  as  aggregation  of  colloidal  gum  particles)  or  chemical 
leactioiis  of  the  fuel  with  the  container. 

For  the  test >  on  JIM  with  FSII  (Tests  5-9.  16,  and  17).  the  data,  as  shown  in  Figures  20,  21,  and  22, 
define  gene; ally  smooth  curves,  except  that  very  definite  changes  in  slope,  i.e.,  changes  in  plugging  rate.  3re  evident 


’  l  ip.'  values  of  throughput  ratio  and  velocity  for  the  military- standard  element  wete  calculated  on  the  basis  of  a  flow  area  of  1353 
cm*  l'0'i  7  m* i.  which  is  the  .net  .go  outside  surface  area  of  eight  elements  that  were  measured.  The  throughput  of  50,000  gal 
per  element  corresponds  to  1 ,5 0(1. t >Otl  gj!  through  a  nOO-iinn  filter  -separator 
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TABLE  86.  MEDIA  PLUGGING  TEST  SUMMARY 


TABLE  86  MEDIA  PLUGGING  TEST  SUMMARY  (Cont’d) 


1 

1 

l 


1 1 2 


direct  manometer  readings,  not  corrected  for  fuel  leg 


FIGURE  18.  MEDIA  PLUGGING  TESTS  ON 
UNINHIBITED  FUFLS  AT  35CF 


FIGURE  19.  MEDIA  PLUGGING  TESTS  ON  STORED, 
UNINHIBITED  JP-4  AT  35°F 
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FIGURE  23.  MEDIA  PLUGGING  TESTS  ON  JP4  +  0. 1 5%  ETHYLENE 
GLYCOL  MONOMETHYL  ETHER  AT  35°F 
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at  cer*ain  times.  These  changes  would  manifest  themselves  when  a  plugging  rate  that  had  previously  been  well 
stabilized  would  suddenly  increase  with  no  change  in  system  conditions.  Subsequently,  the  plugging  rate  would 
gradually  stabilize  and  again  follow  a  smooth  corve,  until  the  next  “jump.”  All  of  the  curves  for  runs  on  fluids 
containing  FSII  showed  instances  of  the  same  sort  of  behavior.  However,  in  the  single  run  at  room  temperature 
(Figure  22),  there  was  less  plugging  and  the  “jumps”  were  ne  t  very  evident. 

All  curves  for  tests  on  fuel-FSH  bier  Js  were  concave  downward,  that  is,  the  plugging  ra  e  tended  to 
diminish  as  the  test  progressed.  Ihe  superimposed  “jumps”  did  not  change  this  overall  trend. 

Runs  10,  11,  and  18  (see  Figure  23),  performed  on  fuel-EGME  blends,  gave  rather  erratic  data.  Media 
plugging  in  these  three  tests  ranged  from  light  to  heavy,  and  plots  of  values  obtained  were  somewhat  like  those 
obtained  with  fuel  FS!I-b!ends.  The  phenomenon  of  breaks  in  the  plugging  rate  was  much  more  evident  with  the 
fuel-EGME  biends,  and  in  two  tests  was  quite  severe.  Although  nonconclusivc,  the  findings  of  these  tests  do  suggest 
strongly  that  glycerol  is  not  the  sole  cause  of  premature  element  failure  at  low  temperatures. 

The  general  trend  of  the  plugging  curves  obtained  with  fu.  1-FSH  and  fuel-EGME  blends  i.e.,  concave 
downward,  is  evidence  that  this  plugging  represents  a  buildup  toward  an  equilibrium  condition.  Assuming  that  some 
insoluble  liquid  constituent  of  the  test  fluid  is  sticking  on  the  fibers  of  the  media,  the  first  effect  will  be  a  rapid 
increase  in  pressure  drop  as  the  passages  available  for  hydrocarbon  flow  become  restricted  because  of  an  effective 
enlargement  of  ,he  fibers.  When  the  liquid  coating  of  the  fibers  has  built  up  to  a  certain  equilibrium  th^ness,  this 
liquid  will  tend  to  migrate  through  the  bed  and  will  attain  an  equilibrium  condition  in  which  the  amount  of 
insoluble  liquid  leaving  the  bed  (per  unit  time)  is  the  same  as  the  amount  entering.  This  interpretation  accounts  for 

the  concave-downward  shape  of  the  curves  and  the 
general  trend  toward  leveling  out.  Graphical  analy¬ 
sis  of  the  curves  has  indicated  that  they  are  hyper¬ 
bolic,  approaching  asymptotically  some  limiting 
pressure  drop.  This  behavior  is  in  marked  contrast 
to  that  observed  when  media  arc  being  plugged  by 
loading  with  solids  at  a  constant  rate;  there  the 
typical  curves  are  concave  upward  and  generally 
represent  exponential  curves  of  the  fo-m  P  -  P0  = 
A«;kl!.  Such  plugging  with  solids  represents  a  cumu¬ 
lative  effect  so  long  as  no  significant  amounts  o* 
solids  pass  on  through  the  bed  If  ngnifia^* 
amounts  of  solids  do  pass  through  the  bed,  the 
resultant  plot  will  be  expected  to  be  somewhere 
between  a  hyperbolic  and  an  exponential  curve. 
This  reasoning  leads  to  a  possible  explanation  for 
the  behavior  observed  in  Tests  12  and  13.  In  these 
tests,  fuel  which  had  no  FSU  or  EGME  had  been 
stored,  in  one  case  for  2  hr  and  in  the  other  for  1 8 
hr,  in  unlined  metal  cans  prior  to  testing.  The  pos¬ 
sibility  of  fuel  contamination  by  solid  material 
during  this  storage  is  suggested  by  the  shape  of  the 

plot;  retained  (see  Figure  Id). 

Figure  24  represents  the  plots  >f  the 
average  of  ail  the  data  available  for  each  different 
test  condition,  it  clearly  shows  the  deferent 
behavior  of  each  of  the  test  fluids  with  respect  to 
media  plugging  rate  at  low  temperature  and  the 
behavior  of  one  test  fluid  at  room  temperature 

In  plugging  of  media  by  liquid  or  5etni- 
liqu.d  material,  the  curves  obtained  would  be 


FIGURE  24.  AVERAGE  VALUES  OBTAINED  UNDER 
VARIOUS  PLUGGING  TEST  CONDITIONS 


perfectly  smooth  and  hyperbolic  if  the  fluid  entering  the  bed  were  of  constant  composition  with  respect  tc  content 
of  insoluble  liquid.  This  situation  would  exist  if  the  insoluble  liquid  or  semiliquid  material  were  dispersed  uniformly 
in  the  fluid  in  extremely  small,  possibly  submicroscopic  droplets.  However,  once  a  “slug"  of  the  insoluble  liquid  hits 
the  bed,  the  behavior  must  change.  This  slug  may  be  (and  probably  is)  still  a  very  small  droplet,  but  large  in  relation 
to  the  amount  of  insoluble  liquid  retained  on  a  fiber.  When  such  a  slug  hits  the  bed.  the  pressure  drop  will  jump,  but 
will  again  tend  to  level  off  and  may  even  decrease  as  the  excess  insoluble  liquid  works  through  and  out  of  the  bed. 
This  interpretation  is  consistent  with  the  segmented  nature  of  the  curves  obtained  with  FSII  and  EGME  blends. 

What  we  are  seeing  in  the  data  plots  arc  probably  the  effects  of  only  the  larger  droplets  of  insoluble 
liquid.  Smaller  droplets  might  have  the  san  e  effect,  but  could  not  be  detected. 

It  will  be  noted  from  the  data  plots  and  from  Table  86  that  the  additive-free  fluids  which  were  not 
stored  in  unlined  metal  cans  gave  pressure-drop  increases  of  only  0.10-0.62  in.  Hg.  The  JP-4  with  I  SM  gave 
pressure-drop  increases  of  6  to  12  in.  Hg  in  the  low-temperature  tests  and  about  2  in.  Hg  in  the  loom-temperature 
test.  There  was  only  a  slight  difference  between  the  0.15  and  0.25%  levels  of  FSM  content,  the  former  giving  6-  to 
9-in.  Hg  buildup  and  the  latter  7-  to  12-in.  Hg.  This  lack  of  any  significant  effec*  of  FSII  concentration  is  in  accord 
with  the  theory  of  equilibrium  buildup  of  an  insoluble  liquid  or  semiliquid  in  the  bed. 

In  10  of  the  tests  (Runs  3  to  5,  1 1  to  16,  and  18),  flow  was  continued  miough  the  cell  after  the  test  had 
been  completed  and  the  cooling  bath  had  been  removed,  so  as  to  obtain  manometer  readings  after  warmup.  These 
are  listed  in  Table  87,  along  with  calculated  values  of  pressure  drop  at  77° F  before  and  after  test.  The  calculated 
values  are  obtained  by  multiplying  the  respective  3S°F  readings  by  the  viscosity  ratio  (cs77/cs3 ,  “  1.01/1.40).  In  the 
case  of  the  initial  values,  the  calculated  pressure  drops  are  the  only  77°F  values  available,  since  flow  through  the  cell 
was  started  with  chilled  fluid.  The  calculated  initial  77°F  values  are  subject  to  the  same  error  as  the  actual  35°F 
readings  from  which  they  are  calculated,  i.e.,  error  introduced  by  ambiguity  in  defining  the  “zero-time"  reading  in 
many  of  the  tests.  In  the  case  of  the  values  obtained  after  warmup,  the  pressure  drops  calculated  for  77°F  may  be 
compared  with  the  actual  readings  obtained  after  warmup  to  69  to  75°F  and  with  the  calculated  initial  77°F  values, 
thus  obtaining  a  measure  of  the  type  of  plugging.  Here  we  may  define  “permanent”  plugging  as  that  remaining  after 
warmup,  and  “temporary"  plugging  as  that  which  disappears.  Physically,  permanent  plugging  should  be  caused  by 
solid,  high  melting  particles  or  by  equilibrium  buildup  of  liquid  materials;  temporary  plugging  may  be  caused  by 
solids  that  melt  during  warmup,  or  by  liquid  materials  that  tend  to  dissolve  or  wash  out  by  entrainment  when  the 
bed  is  warmed. 


TABLE  87.  AP  READINGS  AFTER  WARMUP  IN  MEDIA  PLUGGING  TESTS 


Test  conditions 

Test  data  for  indicated  runs 

—3— 

4 

—3— 

11 

MEM 

MRM 

14 

mm 

16 

18 

Vol  %  additive 

none 

none 

Fsn 

EGME 

notv 

none 

nose 

FSII 

EGME 

0.25 

0  15 

0  15 

0  IS 

Test  teny,*F 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

Manometer  readings,  in  Hg 

Initial  at  77*F  (ealed) 

2  13 

2  00 

292 

2  40 

2  30 

2.49 

1.86 

2  18 

3,75 

!  94 

Initial  at  test  temp 

295 

2.78 

405 

3.33 

3.18 

3  45 

2.59 

3  03 

5  20 

2  69 

Final  at  test  temp 

3.11 

2  88 

1626 

8  19 

8.75 

8  35 

2  79 

3  50 

II  70 

3  11 

After  warmup 

2.60 

2.38 

8  55 

4  25 

3  49 

33 1 

2  19 

2.70 

4  15 

2  30 

After  warmup  (cakd) 

2.24 

208 

I  I  73 

5  91 

6  31 

. 

6  02 

2  01 

2  52 

844 

2  24 

Temp  of  fuel  after  warm- 

up,  *F 

69 

73 

_ _ _ 

75 

—  — - 

72 

73 

75 

72 

74 

74 

75 

•Fail  ni  mured  and  noted  fo«  1 1  hi  in  unlteed  tun  can  t*farr  utttn* 

» Fuel  <ru  fttiend  tad  stated  fre  2  hr  in  united  ■*•*)  etm  btfote  twite* 
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To  facilitate  comparison,  the  data  of  Tables  86  and  8?  have  been  recalculated  in  terms  of  the  following 
plugging  indexes: 


*35 

c 

-B 

X  - 

—  X  100 
B 

*  plugging  at  35°F 

D 

-A 

^77 

*  — 

- X  100 

A 

■plugging  at  77°F 

E- 

D 

A 

—  X  100- 

temporary  plugging 

where 

A  *  initial  AP  at  77°F,  calculated 
B  *  initial  AT  at  35°F,  actual 
C  *  final  AP  at  35°  F.  actual 
D  *  AP  after  warmup,  actual 
E  *  AP  after  warmup,  calculated 

Since  the  calculated  values  were  obtained  by  the  use  of  a  constant  viscosity  ratio, 

A»kB 

E  =  kC 

when  these  values  are  substituted  into  the  expressions  for  the  plugging  indexes,  it  can  be  seen  readily  that 

P.-Pss  -P77 

and  that  P77  is  a  measure  of  the  permanent  component  of  the  plugging.  If  the  plugging  in  a  given  case  1$  entirely 
permanent,  as  with  inorganic  solids,  then  Pt  M  0  and  PJ5  *  Pt?.  If  the  plugging,  in  another  case,  is  entirely 
temporary ,  as  might  occur  with  waxlike  substances,  then  P7  7  “  0  and  P,  *  P3 , .  These  idealized  relationships  will  be 
distorted  considerably  by  inaccuracies  in  zero-time  definition  and  variations  in  inal  warmup  temperature,  bu;  they 
provide  useful  comparisons  Values  of  the  three  plugging  indexes  are  given  in  T?ble  88 

It  will  he  n-  J  that  the  fust  group  of  tests,  on  fuel  without  additive,  gave  low  values  for  both  P35  and 
P-7  and  that  the  values  of  P,  were  all  small  negative  numbers  The  fact  that  twy  are  negative  merely  reflects  the 
inaccuracies  that  have  been  discussed,  since  in  theory  P,  can  never  by  less  than  icro.  When  the  additive-free  fuel  was 
stored  in  un lin'd  cans  after  the  final  filtration  (Runs  12  and  If),  *h<  index  cf  total  plugging,  PJ5,  was  high,  and 
both  the  permanent  and  temporary  components  (P7  7  and  P4)  were  large  posit  ve  numbers  This  could  be  caused  by 
the  presence  ol  particulate  nutter  derived  from  the  fuel  itself  or  from  fuel-container  interactions  The  container  is 
suspect  in  these  cases,  since  Run  is,  in  which  3  Imed  car.  was  used,  gave  very  little  plugging.  Alto.  Run  at  room 
temperature  with  the  fuel  stored  in  an  unhned  can,  gave  a  very  significant  amount  of  plugging 

All  of  (he  tests  on  fuel  containing  KSIf  gave  Urge  values  of  P4,  Unfortunately,  warmup  data  were 
obtained  in  onlv  two  rui.s,  and  these  were  with  different  concentrations  of  additive  and  with  different  fuel  handling 
procedure*  With  0  2*’>  FSII.  blending  the  mei  in  an  unlined  can,  both  the  permanent  and  temporary  components 
of  plugging  were  significant,  as  indicated  bv  large  positive  values  of  P77  and  P,  in  the  single  test  in  which  data  were 
obtained  With  0  IV';  FSII  and  hne -Wending  the  additive  m  filtered  fuel,  t!ie  '  ingle  set  of  warmup  data  indicated 
that  the  plugjmg  was  almost  entirely  temporary 
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TABLE  88.  PLUGGING  INDEXES 


Test  fuel  JP-4,  temperature  35°  F  except  as  noted 

P3  j  ~  Index  of  plugging  at  35°  F 

P-n  *  index  of  plugging  at  77°  F 

P,  ~  index  of  temporary  plugging 

Run 

no. 

Additive 

Procedure 

P,s 

^77 

P, 

Special  conditions 

1 

none 

A 

9 

... 

ko-octane 

2 

none 

A 

9 

... 

... 

Iso -octane 

3 

none 

A 

5 

22 

-  17 

4' 

none 

A 

19 

-15 

14 

none 

A 

18 

-  10 

IS 

none 

a 

24 

-8 

12 

none 

B 

52 

123 

Fuel  stored  18  hr 

13 

none 

B 

33 

109 

Fuel  stored  2  hr 

5 

0.25%  FSII 

B 

193 

109 

6 

0.25%  FSII 

B 

161 

... 

... 

7 

0.15%  FSII 

B 

203 

... 

... 

8 

0.15%  FSII 

B 

192 

... 

... 

16 

0.15%  FSII 

r 

125 

II 

1 14 

17 

0.15%  FSII 

C 

201 

... 

... 

10 

0.15%  EGME 

B 

163 

... 

II 

0.1 5%  EGME 

B 

146 

77 

69 

18 

0  15%  EGME 

C 

16 

19 

3 

■ 

9 

0.15%  FSII 

B 

... 

94 

~ 

Room  temperature 

The  data  on  EGMfc  blends  are  contradictory  in  that  two  tests  nave  significant  amounts  of  total  plugging 
and  one  did  not.  In  the  two  tests  by  Procedure  B  (Wending  in  unlined  cans),  the  plugging  was  indicated  to  include 
both  permanent  and  temporary  components  in  the  single  set  of  data  obtained.  In  the  one  test  by  Procedure (’  (line 
blending),  the  plugging  indexes  were  all  iow  and  were  quite  similar  to  those  obtained  in  tests  without  additive. 
However,  this  reflects  only  the  readings  at  the  enu  of  the  test,  the  behavior  during  the  test  is  a  definite  indication  of 
periodic  plugging  (compare  curve  18  in  figure  20  with  the  curves  in  figuie  1 5).  The  maximum  plugging  during  the 
couiw  of  this  run  amounted  to  Pt  <  =  60 

In  view  of  ihe  apparent  anomalies  intreu-'ced  by  storage  u)  the  filtered  fuels  in  unlined  caiv-  (Procedure 
Bt.  the  most  reliable  comparison  of  effects  of  additives  is  given  by  the  data  from  runs  according  lo  Procedures  A  and 
These  data  indicate  that  0  15'  '  FSII  gives  a  very  significant  amount  of  filter  plugging  at  low  temperatures,  and 
that  most  ot  this  plugging  is  temporary.  With  0.15'i  EGME.  significant  plugging  occurred  dining  the  am.  but  the 
tiller  “unblock'd”  periodically  so  that  ihe  final  pressure  drop  was  hale  mote  than  (he  initial 

Further  hglil  on  ihe  nature  of  plugging  is  shed  b\  the  dal  •  on  media  si  an,  mg  observed  after  test  (see 
Table  8f>)  Stain  spots  were  clearly  evident  in  all  tests  on  JP4  containing  LSI  I  or  FGMF  hut  were  absent  in  most 
tests  on  uninhibited  JP4  and  barely  visible  on  uninhibited  iso-octane  Si”-"**  both  components  of  the  h  SI  I  (ethylene 
glycol  mortomcthyl-cihcr  and  glycerol)  arc  colorless,  it  ts  evident  tlut  the  material  precipitated  on  the  media  cannot 
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consist  solely  of  additive.  Iri  the  case  of  the  inhibited  JP4,  it  is  very  likely  that  the  colored  material  consists  of  color 
bodies  extracted  from  the  fuel  by  glycerol  or  EGME.  It  is  also  possible  that  products  of  chemical  reaction  between 
glycerol  or  EGME  and  trace  constituents  of  the  fuel  mav  contribute  to  the  staining.  Results  from  two  tests  on  fuel 
stored  after  filtering  suggest  interactions  between  the  “clean”  fuel  and  the  steel  container.  In  the  case  of  the  straight 
iso-octane,  the  source  of  the  trace  stain  .  g  is  not  at  all  clear;  it  must  be  derived  either  from  the  test  fluid  or  the 
system,  and  neither  appears  to  be  a  likely  source. 

The  possibility  of  a  contribution  of  free  water  to  media  plugging  is  supported  by  the  AEL  free  water 
analyses  (see  Table  86),  indicating  traces  of  free  water  in  most  of  the  low-temperature  runs.  No  effort  was  made  to 
control  the  dissolved  water  content  of  the  test  fuel.  The  amount  of  dissolved  water  initially  in  the  fuel  at  room 
temperature  could  easily  exceed  the  saturation  value  of  fuel  at  35°F.  It  is  noteworthy  that,  in  each  pair  of  duplicate 
tests,  the  test  in  which  more  free  water  was  indicated  always  gave  the  greater  increase  in  pressure  drop: 


Run  no. 

AEL  rating 

P35 

3 

0-1 

5 

4 

0 

4 

7 

0-1 

203 

8 

0 

192 

10 

4-5 

163 

1  1 

0 

146 

17 

2-3 

201 

16 

0-1 

125 

f.  Conclusions 

Based  on  all  the  data,  the  best  interpretation  of  the  mechanism  of  media  plugging  by  fuel-FSII  or 
fuel-EGME  blends  is  as  follows:  When  foreign  contaminants  are  absent,  media  may  be  partially  plugged  at  low 
temperatures  by  liquid,  semiliquid,  or  low-melting  solid  materials  precipitated  from  the  blend.  These  consist  pre¬ 
dominantly  of  glycerol,  water,  and  EGME.  along  with  trace  fuel  constituents  extracted  or  precipitated  by  the 
mixture.  If  the  materia!  is  liquid  or  semiliquid,  it  coats  the  fibers  of  the  media  and  restricts  the  flow  passages.  When 
such  material  lias  built  up  to  a  certain  equilibrium  thickness  on  the  fibers  it  tends  to  be  displaced  by  the  fuel  flow 
and  to  migrate  through  and  out  of  the  bed;  thus,  the  ultimate  degree  of  plugging  by  this  mechanism  is  strictly 
limited.  This  type  of  plugging  is  aggravated  by  low  temperatures,  which  will  tend  to  increase  the  amount  of 
precipitated  material  and  also  to  increase  its  viscosity;  thus,  both  the  plugging  rate  and  the  final  equilibrium  degree 
of  plugging  will  be  greater  at  low  temperatures.  Part  of  the  low-temperature  effect  is  reversible;  this  may  be  caused 
by  thinning  of  the  semiliquid  material  (on  warmup)  and  displacement  of  part  of  this  material  from  the  bed,  or  it 
may  be  caused  by  melting  of  waxlike  materials. 

These  experiments  have  demonstrated  that  the  then-current  FSI1  can  give  significant  plugging  of  filter 
media,  especially  at  low  temperatures.  The  pressure  buildups  that  were  observed  were  rather  moderate  in  comparison 
with  those  observed  in  the  field.  Exact  comparisons  are  difficult  because  of  the  poorly  defined  ilow  area  and  flow 
velocity  in  these  experiments.  However,  assuming  that  the  3/8-in. -diameter  stains  on  the  media  represent  the  flow 
area,  the  superficial  flow  velocity  would  be  about  4.5  ft/inin,  or  about  2.5  times  that  in  a  military-standard  element. 
The  greatest  pressure  drop  observed  in  any  of  these  experiments  was  about  7  to  8  psi,  in  comparison  with  20-psi 
plugging  observed  in  the  field  at  lower  flow  velocities.  This  discrepancy  may  well  be  a  function  primarily  of  the 
lesser  thickness  of  media  used  in  the  experiments.  In  any  case,  the  experiments  indicate  conclusively  that  FSli  in 
JP4  fuel  can  cause  filter  plugging,  even  in  the  absence  of  foreign  contaminants,  In  addition,  these  results  suggest  the 
possibility  that  EGME  alone  can  influence  media  plugging,  although  to  a  lesser  degree  than  when  it  is  present  in 
combination  with  glycerol. 

Under  actual  storage  conditions,  fuel  reactions  resulting  in  gum  precipitation  may  be  a  significant  factor 
in  low-tcmperaturc  plugging.  In  the  experiments  performed  here,  short-term  storage  of  filtered  JP4  in  unlincdcans 
contributed  significantly  to  filter  plugging. 
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The  severe  plugging  *■  -.countered  in  the  field  under  low-temperature  conditions  is  undoubtedly  the  result 
of  several  factors  apart  from  those  investigated  here.  Fuel  corrosion  inhibitors  may  v/cll  contribute  to  plugging, 
especiallv  if  their  presence  leads  to  entrainment  of  trace  amounts  of  water.  Finely  dispersed  iron  oxide  will 
obviously  contribute  to  filter  plugging  under  almost  all  conditions,  and  it  is  entirely  possible  that,  in  combination 
with  glycerol,  fuel  gums,  and  corrosion  inhibitors,  iron  oxide  may  catalyze  condensation  reactions  that  “set”  the 
contaminants  in  the  filter  bed. 

Tl:e  work  performed  here  has  given  an  ample  demonstration  of  the  role  of  glycerol-containing  FS1I  in 
low-temperature  plugging  and  has  indicated  that  elimination  of  the  glycerol  should  be  helpful  but  n^y  not  be  a 
complete  solution  of  the  problem. 

2.  Separometer  Studies 

a.  General 

During  the  course  of  filter-separator  testing,  much  use  was  made  of  separometcr  tests  as  an  aid  in 
determining  fuel  characteristics.  Results  obtained  with  the  separometer  often  indicated  severe  inadequacies  in  its  use 
for  rating  fuels.  One  of  the  main  problems  seems  to  be  coalescer  disk  variability.  This  feature  of  the  separometer  test 
was  investigated  and  has  been  reported  earlier.^)  In  addition,  many  other  investigations  involving  separometer  tests 
were  made  during  this  program.  Most  of  these  were  performed  as  evaluations  of  fuel-additive  blends.  However,  a 
number  were  concerned  primarily  with  evaluations  of  the  instrument  itself,  in  an  effort  to  make  results  more 
accurate  and  precise.  The  observations  made  during  those  evaluations  are  reported  in  this  section. 

b.  WSIM  Values  of  Fuel  Corrosion  Inhibitor  Biends 

In  the  proposed  revision  of  the  fuel  corrosion  inhibitor  specification,  MIL-I-2501 7C,  a  new  requirement 
has  been  added  in  the  definition  of  maximum  allowable  concentration,  namely,  a  WSIM  value  of  70  or  higher  when 
the  corrosion  inhibitor  is  tested  in  Bayol-toiuene  reference  fluid.  Formerly,  a  WSI  (old  method)  of  87  minimum  was 
required.  In  order  to  obtain  preliminary  data  on  the  WSIM  values  obtained  .vith  currently  qualified  corrosion 
inhibitors,  a  series  of  separometer  tests  was  run  on  such  blends. 

All  of  the  currently  qualified  corrosion  inhibitors  except  Texaco  TRI  182  were  included  in  this  series. 
The  TRI  182  is  little  used  and  not  generally  available.  A  recently  qualified  material,  Tolad  245,  was  not  included  in 
the  series,  since  no  sample  had  been  made  available  by  the  Air  Force. 

Tests  were  run  on  each  inhibitor  at  maximum  allowable  concentration  as  currently  defined  (without  the 
WSIM  requirement).  For  those  inhibitors  rating  below  70  WSIM,  the  test  was  repeated  at  minimum  allowable 
concentration  (relative  effective  concentration)  as  currently  defined.  The  following  data  were  obtained: 


Corr 

inhib 

Concn.,  Ib/Mbbl, 

WSIM  in  Bayoi/toluenc 

QPL-25017-7* 

at  concn.  shown 

Max 

Min 

Max 

Min 

duPont  RP-2  • 

20 

7 

66 

78 

duPont  AFA-1 

16 

4 

92 

— 

Lubrizol  541 

20 

5 

83 

— 

Tolad  244 

20 

5.5 

46,58 

90.80 

Santolene  C 

16 

4 

84 

... 

Unicor  M 

20 

9 

_ 

17 

64 

1  *  Latest  QPL  available  for  MIL-I-2501 7B. 

i  -  ,  ,,,  ■-  - -  ■  ■■■■■■  . 

It  will  be  noted  that  the  RP-2,  Tolad  244,  and  Unicor  M  gave  WSIM  values  below  70  when  tested  at  the  presently 
allowable  maximum  concentration.  In  other  words,  the  maximum  allowable  concentration  would  have  to  be  reduced 


121 


for  these  three  inhibitors  to  meet  the  new  MIL-i-2501 7C.  The  RP-7,  however,  is  so  close  to  the  limit  that  it  could 
well  be  rated  above  70  WSIM  by  an  ither  test.  This  points  out  a  certain  problem  in  establishing  new  concentrations 
on  die  basis  of  the  WSIM  s ■  ,o“  the  repeatability  and  reproducibility  are  rather  poor  in  this  range.  It  would 

appear  that  some  statistical  d.  .  ution  of  WSIM  value  should  be  included  in  to  .  qualification  procedure. 

01  the  additives  rating  below  70  WSIM  at  maximum  conc>;n<ratioii,  two  were  rated  at  well  above  70  at 
minimum  concentration,  but  the  Unicor  M  was  still  slight ly  below  70. 

c.  Fuel-Corrosion  Inhibitor  Blends  as  Separometer  Reference  Fluids 

Another  purpose  of  the  WSIM  series  on  corrosion  inhibitors  was  selection  of  a  suitable  reference  material 
for  separometer  calibration.  The  present  blends  of  Aerosol  OT  in  Bayol/loluene,  used  for  separometer  standardiza¬ 
tion,  are  judged  to  be  rather  artificial;  some  qualified  corrosion  inhibitor  actually  used  in  fuels  would  at  least 
represent  a  material  used  in  the  field.  The  use  of  a  well-defined  and  relatively  pure  base  stock  such  as  Bayol/toluene 
is  essential  for  uniformity  of  the  calibration  fluids  and  has  the  further  advantage  of  eliminating  or  at  least  minimizing 
time-dependent  interactions  between  additive  and  fuel  constituents  such  as  those  occurring  in  ordinary  jet  fuels. 

Of  the  corrosion  inhibitors  that  were  tested,  the  RP-2  and  Tolad  244  gave  WSIM  values  covering  the 
range  of  most  interest,  and  (lie  Tolad  244  was  selected  for  further  work. 

Several  blends  of  this  additive  in  Bayol  R-34  (without  toluene)  were  prepared  and  tested,  with  the 
following  results. 


Tolad  244  WSIM  in 

concn,  lb/Mbbl  Bayol  R-34 


0 

100 

5.5 

82 

6 

79 

10 

57,71,69 

15 

55 

20 

50 

Plotting  these  WSIM  values  against  Tolad  244  concentration,  a  smooth  curye  is  obtained  (Figure  25),  with  only  one 
point  far  off  the  curve.  No  explanation  can  be  found  for  this  particular  deviation,  since  the  coalescer  disk  weights  and 
standard  airflow  calibration  results  were  quite  similar  in  the  three  check  tests  on  the  10  lb/Mbbl  blend: 


Disk  weight,  mg 

Airflow  AP.cm  HjO* 

WSIM 

Coarse 

Fine 

Coarse 

Fine 

100 

54 

2.4 

19.5 

57 

92 

51 

2.4 

18.6 

69 

99 

46 

2.3 

19.2 

71 

'Airflow  calibrations  were  performed  in  a  WSI  cell  at  an  airflow  rate  of  8  K/min. 


The  lineup  of  the  two  higher  WSIM  values  with  the  other  points  on  the  WSIM/concentration  curve  (Figure  25)  indi¬ 
cates  that  the  one  low  zaluc  is  less  reliable,  for  reasons  unknown. 


d.  Effects  of  Media  Weight  and  Media  Density 

The  10-lb/Mhbl  blend  of  Tolad  244  in  Bayol  R-34,  which  corresponds  to  a  WSIM  of  70,  as  reported  in 
the  section  above,  was  selected  as  a  reference  blend  for  further  studies  on  media  properties  in  the  water  separometer. 
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A  scries  of  iests  was  run  to  establish  the  effects  of 
media  '/cigi;*  and  density  on  separometer  results.  Special 
“unsplit  ”  fine  coalescer  dis!:s  had  been  received  from  Emcee. 
These  r .-present  disks  made  from  the  fiberglass  mat  as  received 
and  s  ’ so  represent  disks  that  are  over-specification  in  the  air¬ 
flow  qualify  control  test,  i.e.,  offer  more  titan  the  maximum 
allowable  flow  resistance  when  tested  singly  in  an  old-type 
WSt  ceil.  For  this  study,  s  modified  airflow  check  procedure 
was  used:  The  disk  or  disks  were  installed  in  a  new-type 
(WSIM)  cell,  and  pressure  drop  was  checked  at  the  relatively 
low  airflow  rate  of  1SS  ml/min.  This  lew  air  rate  was  necessary 
to  bring  the  pressure  drops  into  a  workable  range  when  using 
more  than  one  disk.  With  this  modified  airflow  procedure,  the 
“unsplit”  fine  disks  from  Emcee  gave  pressure  drops  from  6.1 
to  6.7  cm  water  with  a  single  disk  in  the  WSIM  housing  and 
1 6.8  to  18.1  cm  water  with  two  disks  in  the  WSIM  housing.  It 
should  be  noted  that  the  airflow  pressure  drops  in  most  cases 
are  not  related  to  the  actual  flow  resistance  of  the  disks  in  the 
subsequent  WSIM  tests,  since  the  spacers  used  in  the  WSIM 
tests  alteed  the  degree  of  compression  of  the  disks 


T pW  ?*4  ooooi  KiMotn 

FIGURE  25.  EFFECT  OF  TOLAD  244  ON 
WSIM  OF  BAYOL  R  34 


Single  unsplit  fire  disks  were  rested  in  the  WSIM  cell  with  the  regular  compression  gap  of  0.0625  in.  and 
also  with  the  gap  reduced  to  about  2/3  a:.d  1/3  of  the  original.  Double  disks  were  tested  with  0  0625-in.  gap  and  also 
with  about  half  and  twice  that  gap.  Double  disks  were  also  tested  with  the  addition  of  a  layer  of  “sock”  mateiial 
from  a  military -standard  filter-separator  element  (Filters  Inc)  as  the  last  stage  Results  are  listed  in  Table  89. 


TABLE  89.  AIRFLOW  CALIBRATION  AND  WSIM  RESULTS 
ON  SPECIAL  “UN SPLIT”  FINE  COALESCER  DISKS 


Single  disk 

Two  disks 

A 

B 

c 

D 

E 

F 

o* 

Media  weight,  mg: 

First  disk 

59.4 

58.5 

58.3 

59.6 

59  5 

61  2 

61  0 

Second  disk 

— 

... 

57.6 

58.8 

58.8 

57.2 

Total 

59.4 

58.5 

58.3 

1 17.2 

118.3 

120  0 

i  18.2 

Airflow  iM*.  c;n  H2Ot 

6.7 

6.4 

6  1 

_ 

18  1 

•6.8 

17  1 

WSIM  tests:  (on  blend  of  10  tb/Mhbl  Tolad  244  in  Ryyol  R 

<4: 

-  - 

i 

Compression  gap,  m 

0  0625 

0  0 'W 

0  0105 

0.0-625 

0  1)45 

0.0303 

0  (X>25 

Compressed  media 
density .  Ib/ft' 

4  h 

-?  ! 

. 

14  5 

i.l 

4  K 

14  2 

4  2t 

WSIM  result 

[ 

...” 

’  SI 

5r, 

62 

*2 

to 

M 

♦With  layer  of  “fat ft  *xk'‘  »  f»i«l  U*, 
t  Airflo*  ,hrck»  at  1  55  tnl'.rtin  »Uh  1  t 
t  V>1  corrected  .  ofume  ucc«jUr4  os 

x  '  .  t  in  W%!M  mnptmi&n  *T*. 

‘  iJtft  t»xk’' 

>'  :n  > 

These  results  lead  to  the  unexpected  conclusion  that,  for  this  particular  system  of  media  and  fuel/ 
additive,  the  WSIM  result  is  completely  insensitive  to  both  media  amount  and  media  density.  In  the  series  of  tests 
denotea  by  A,  B,  and  C,  a  threefold  increase  in  density  vnth  the  same  amount  of  media  pve  no  significant  effect  on 
WSIM.  Likewise,  doubling  the  amount  of  media  gave  no  significant  effect  (D,  E,  and  F  in  comparison  with  A,  B,  and 
C).  The  use  of  “sock”  fabric  as  the  final  stage  pve  no  detectable  effect.  All  W>IM  values  were  within  the  range  of  52 
to  62,  i.e.,  within  the  repeatability  precision  limits  of  the  instrument  in  this  range.  It  is  also  interesting  to  note  that 
none  of  these  values,  obtained  with  fine  disks  only,  was  much  below  the  range  of  55  to  71  WSIM  values  obtained  on 
the  same  fuel  blend  using  standard  sets  of  disks  (one  fine,  one  coarse). 

Similar  tests  were  run  with  standard  coarse  coalescer  disks.  Airflow  checks  were  run  by  the  standard 
method  (one  disk  in  old-type  WSI  cell  with  8  f/min  airflow),  by  the  standard  method  with  two  disks  in  the  cell,  and 
by  the  special  method  described  previously  (one  or  two  disks  in  new-type  WSIM  cell  with  155  ml/min  airflow).  The 
airflow  and  WSIM  results  are  listed  in  Table  90.  With  a  single  coarse  disk,  at  densities  from  6.7  to  25.4  lb/ft3  all 
WSIM  values  were  within  the  range  of  25  to  29;  i.e.,  there  was  no  effect  of  media  density.  With  two  coarse  disks,  at 
densities  from  7.1  to  33.5  lb/ft3 ,  the  WSIM  values  ranged  from  26  to  5 1 ,  with  an  apparent  maximum  (optimum)  at 
13.7  lb/ft3 .  The  addition  of  a  layer  of  filter-sock  fabric  to  this  “optimum”  combination,  giving  an  average  density  of 
22.9  lb/ft3 ,  dropped  the  WSIM  back  to  39. 

Thus,  for  this  particular  blend  of  10  ib/Mbbl  Toiad  244  in  Bayol  R-34,  the  results  with  the  fine  disks 
indicated  no  sensitivity  whatever  to  media  density  or  amount  over  rather  wide  ranges,  and  WSIM  values  about  as 
good  as  those  obtained  with  the  standard  fine/coasse  combination.  With  the  coarse  dirks  alone,  WSIM  results  were 
generally  at  a  lower  level  and  showed  insensitivity  to  media  density  with  single  disks,  but  better  coalescence  and 


Ta6LE  90.  AIRFLOW  CALIBRATIONS  AND  WSIM  RESULTS 
ON  STANDARD  COARSE  COALESCER  DISKS 


Single  disk 

Two  disks 

A 

B 

C 

D 

E 

F 

G* 

Media  weight,  mg: 

First  disk 

87.0 

88.0 

102.0 

91.6 

93.9 

105.9 

108.8 

Second  disk 

... 

a 

... 

85.5 

80.9 

103.2 

92.2 

Filter  sock 

... 

... 

*  • 

... 

... 

... 

94.3 

Total 

87.0 

88.0 

102.0 

177.1 

174.8 

209.) 

195.3 

Airflow  AP.  cm  H20: 

Standardt 

2.6 

2.6 

3.2 

7.6 

7.0 

7.6 

9.4 

Special* 

0.08 

0.20 

0.22 

1.00 

0.90 

1.02 

1.44 

WSIM  tests  (on  blend  of  W  Ib/Mbbl  Toiad  244  in  Bayol  R-34) 

Compression  gap,  in. 

0.0O25 

0,0397 

0  0195 

0.0625 

0.1195 

0.0303 

0.0625 

Compresed  media 

density,  lb/ft3 

6.7 

10.7 

25.4 

13.? 

7,1 

33.5 

22.9J 

WSIM  result 

25 

29 

28 

51 

26 

39 

39 

•With  layer  of  filter  sods''  as  final  stage. 

f  Airflow  cheeks  with  actual  media  as  shown  (1.  2,ot 

3  pieces);  standard  checks  at  8  x/mm  in  WSI  cell,  special  check*  at  155 

ml/min  in  WSIM  cell. 

i  Average  density  of  composite;  doe*  not  represent  actual  den*U>  of  %ny  specific  piece. 

«l 

— 
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some  sensitivity  to  media  density  with  two  disks.  The  generally  higher  level  of  WSIM  values  with  the  fine  disks  (in 
line  with  the  standard  WSIM  values)  suggests  that  a  valid  separometer  test  could  be  developed  using  fine  disks  alone 
This  would  be  desirable  from  the  standpoint  of  the  expected  improvement  in  repeatability  of  results.  The  fine 
fiberglass  mat  is  manufactured  for  use  in  filters,  and  the  quality  control  is  better  than  for  the  coarse  disks.  Further, 
the  almost  total  insensitivity  of  the  fine-disk  WSIM  values  to  amount  or  density  of  media  suggests  that  disk-to-disk 
variations  will  not  affect  the  results  to  the  degree  observed  in  thi  standard  WSJM  tests.  These  conclusions  are  based 
on  tests  on  only  one  fuel  blend  and  would  require  extensive  verification  before  they  couid  be  generalized. 

e.  Effects  of  Water  pH  and  Hardness 

During  the  early  part  of  the  program  reported  herein,  some  special  separometer  tests  designed  for 
preliminary  exploration  of  the  effect  of  water  pH  on  coalescence  were  performed.  These  tests  were  performed  using 
JP4  inhibited  with  4  lb/Mbbl  of  Santolene  C  (no  FSII).  This  was  a  hand  blend  using  Ashland  uninhibited  JP-4  Batch 
11*,  with  Santolene  C.  The  uninhibited  fuel  was  paper  filtered  (Whatman  no.  12)  prior  to  blending;  the  inhibited 
blend  was  not  filtered.  The  tests  included  a  standard  WSIM  run  with  distilled  water,  one  run  with  tap  water,  and  two 
runs  with  tap  water  adjusted  to  approximately  8.4  and  5.8  pH  by  addition  of  small  amounts  of  NaOH  and  HC1, 
respectively.  In  addition,  surface  tension  determinations  were  performed  on  the  water  samples.  The  data  obtained 
are  shown  below. 


Water 

WSIM 

ST, 

dyn/cm 

PH 

Distilled  water 

72.9 

6.9 

97 

Tap  water 

70.3 

7.3 

90 

Tap  water  +  NaOH 

72.1 

8.3 

64 

Tap  water  +  HC1 

71.5 

5.9 

98 

It  will  be  noted,  first  of  all,  that  all  of  tne  water  samples  were  of  good  quality  in  terms  of  freedom  from 
surfactants,  at  ali  showed  surface  tensions  above  70  dyn/cm.  The  WSIM  results  show  that  th .  alkaline  tap  watei  gave 
a  very  low  WSIM,  while  the  acidic  tap  water  gave  a  high  WSIM,  essentially  the  same  as  the  distilled-water  value. 

This  is  r.f  considerable  interest  in  demonstrating  the  pronounced  effect  ot  Mer  quality  on  interfacial 
properties  where  fuel  containing  an  acidic  type  corrosion  inhibitor  is  involved.  The  difference  between  behavior  of 
the  distilled  water  and  that  of  the  tap  water  should  not  be  ascribed  to  the  relatively  minor  difference  in  pH,  and  in 
fact  pH  values  on  distilled  water  are  of  little  meaning  if  the  water  is  reasonably  pure.  Rather,  the  presence  of 
significant  amounts  of  sodium  (and  possibly  potassium)  ions  in  the  tap  water  is  the  more  probable  explanation  of 
this  behavior.  Raising  the  pH  of  the  tap  water  intensifies  the  interaction  of  the  sodium  ions  with  the  inhibitor,  and 
lowering  the  pH  suppresses  the  interaction  to  a  great  extent. 

Analytical  data  on  the  WPAFB  tap  water  (analyzed  in  June  1966)  are  given  below.  As  can  be  seen,  the 
water  is  very  hard  and  the  sodium  content  is  fairly  high,  both  typical  of  untreated  well  water  in  this  area. 


ppm 


Iron 

0.10 

Manganese 

0.09 

Calcium 

99 

Magnesium 

35 

Sodium 

19 

Potassium 

2.2 

Inspection  data  for  this  fuel  is  reported  in  Refeience  7. 


ppm 


Bicarbonate 

342 

Carbonate 

0 

Sulfate 

90 

Chloride 

36 

Fluoride 

0.3 

Nitrate 

0.9 

Phosphate 

- 

Silica 

11 

Total  dissolved  so’ ids 

462  (cak'd) 

Total  hardness  as  CaC03 

391 

Alkalinity  as  CaC03 

280 

Ftee  CO? 

14 

pH 

7.6 

Although  no  additional  tests  of  this  nature  were  performed  using  the  separometer,  these  data  were  used 
as  a  guideline  for  subsequent  work  on  the  Al/SS  loop.  Unfortunately,  loop  tests  involving  injection  waters  of 
different  compositions  failed  to  support  the  conclusions  obtained  with  the  water  separometer.  Results  of  those  loop 
tests  are  discussed  in  Section  V  of  this  report. 

f.  Pump  Wear  Debris 

in  an  effort  to  determine  more  precisely  the  amount  of  pump  wear  debris  reiea'ed  into  sample  fuel 
during  regular  separometer  tests,  a  special  set  of  evaluations  was  made.  For  these  e\  aquations  the  coalescer  cell  on  a 
standard  separometer  was  replaced  by  a  MflMpore  bomb  sampler  having  a  pair  of  0.3m  matched-weight  membrane 
filters.  A  single  separometer  was  used  in  all  tests.  After  flushing  according  to  standard  procedure*  with  unaltered 
solvents  (five  200-ml  portions  of  isoprcpanol  followed  by  five  20G-ml  portions  of  Bayol  R-34),  .wo  tests  on  Bayol 
R-34  followed  by  two  test;  on  uninhibited  JP-5  were  performed,  k  volume  o*  42  of  each  test  fluid  was  prefiltered 
(Millipore  0.8 p)  on  the  day  of  the  test  and  war  kept  in  the  dark  in  scrupulously  clean  glass  containers  until  used.  For 
each  test,  a  2-2  quantity  of  the  prefiltered  fuel  was  handled  exactly  as  in  regular  WSIM  tests  ex ;ept  that  nc  water 
was  added;  then  most  of  this  fuel  was  pa^ed  through  (he  matched  membranes  in  tne  sampler.  The  volume  passing 
through  the  sampler  was  measured  and  recorded.  The  results  cf  these  tests  and  the  soiies  contents  of  the  refiltered 
fluids  are  given  below: 

aSTM  color  rating 


Test 

Solids,  mg 

Solids  mg/2 

of  test  membrane 

Bayol,  Run  1 

0.26 

0.15 

Bayol,  Run  2 

053 

0.31 

JP-5,  Run  1 

0.43 

0.25 

A-2 

JP-5.  Run  2 

0.74 

0.43 

.4-2 

Following  each  run,  the  test  filter  was  inspected  <inder  a  microscope.  These  observations  indicated  the 
presence  of  copper  or  brass,  steel,  and  Teflon  ‘ape  of  varying  particle  size  on  eve.y  filter. 

It  is  interesting  to  note  that  the  two  tests  on  Bavol  indicated  lower  contamination  levels  than  those  on 
JP-5.  If  the  major  portion  of  the  solid  material  were  pump  wear  debris,  o  e  would  expect  more  solids  in  the  Bayol 
runs,  since  the  lubricity  of  the  Bayol  is  quite  poo.  in  comparison  to  most  JP-5  fuels. 


'Standard  procedure  calls  iot  a  test-i'ue!  flush  after  the  last  Bayol  flush;  howe'er,  for  tV.se  tests,  this  step  was  omitted. 
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The  assortment  of  debris  that  was  observed  on  the  membrane  filters  may  have  come  from  the  unfiltered 
flush  solvents  or  may  have  been  derived  largely  from  the  separometer  fuel  system  itself  In  any  case,  these  data 
suggest  the  need  for  better  control  of  system  cleanliness  and  further  investigation  of  contaminants  and  their  possible 
effect  on  separometer  test  results. 

9.  Flushing  Procedure  and  Effects  of  isopropanol 

One  item  of  separometer  procedure  that  was  investigated  during  this  program  was  the  completeness  of 
flushing.  It  is  known  that  small  amounts  of  isopropanol  remaining  in  the  test  fuel  will  .  verfere  with  obtaining 
correct  results.  Data  obtained  in  this  program  indicated  that  up  to  0.4%  isopropano!  caused  nly  slight  decreases  in 
the  WS1M  values  obtained  on  Bayol/toluene  blend  with  and  without  1 .0  mg /k  Aerosol  OT,  as  shown  below: 


Additives  in  Bayol/toluene 

WSIM 

Aerosol  OT, 
mg/C 

Isopropanol, 
vol  % 

0 

0 

99,99 

0 

0.1 

100 

0 

0.2 

96 

0 

0.4 

94 

1.0 

0 

70,64,64 

1.0 

0.1 

65 

1.0 

0.2 

60 

1.0 

0.4 

57 

Later,  work  was  performed  to  determine  the  actual  residual  levels  of  isopropanol  concentration  with  the 
instrument  flushing  procedure  that  was  used.  During  a  separometer  rest  on  uninhibited  JP-5  base  fuel,  samples  were 
taken  from  the  separometer  tank  return  line  (identical  to  material  being  pumped  to  the  test  section)  at  various 
points  in  the  flushing  and  test  sequence.  These  samples  were  analyzed  chromatographically  for  isopropanol  content 
by  another  laboratory  obtaining  the  following  results: 

%  isopropanol 


Final  Bayol  flush 

C.8 

Final  test  fuel  flush 

0.03 

Test  fuel  just  prior  to  injecting  water  to 
start  emulsification 

None 

Reference  analyses  on  unused  Bayol  R-34  and  unused  test  fuel  also  indicated  zero  isopropar.ol. 

It  can  be  seen  that  the  flushing  procedures  that  wer?  used  were  adequate  to  remove  isopropanol  to 
below  the  detectable  limit  (somewhere  under  0.03%).  The  flushing  procedure  was  slightly  more  stringent  than  the 
ASTM  procedure  (D  2550-66T)  in  that  an  additional  test  fuel  flush  was  included,  and  the  sequence  and  technique 
of  flushing  were  controlled  closely.  The  rather  high  content  of  isopropanol  in  the  finai  Bayol  flush,  using  this 
closely  controlled  procedure,  suggests  that  only  slightly  poorer  techniques  would  result  in  unacceptably  high 
contents  of  isopropanol  carrying  through  into  the  test  fuel  itself.  On  this  basis,  the  extra  care  that  was  taken  in  the 
flushing  operations  is  well  justified. 

The  isopropanol  concentration  of  0.4%  that  was  mentioned  as  a  satisfactory  upper  limit  was  based  on 
tests  on  Bayol/toluene  with  and  without  Aerosol  OT.  It  should  not  be  deduced  that  0.4%  isopropanol  will  be  equally 
harmless  in  other  fuel/additive  systems.  Any  mutual  solvent  such  as  isopropanol  in  an  emulsifying/coalescing 
situation,  can  have  profound  effects  in  either  direction.  The  only  safe  procedure  is  to  remove  the  isopropanol  below 
the  limits  of  pi actical  detection. 
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h.  Effects  of  Disk  Treatment 


During  the  program  reported  herein,  an  effort  was  made  to  determine  whether  washing  and/or  drying 
coalescer  disks  before  use  would  have  any  effect  on  separometer  rating  level  and  repeatability.  In  each  test  in  this 
study,  standard  coarse  and  fine  disks  were  used  according  to  standard  WSIM  procedure.  A  blend  of  Bayol  R*34  with 
10  Ib/Mbbl  Tolad  244  was  used  throughout.  Before  the  start  of  the  series,  the  coalescer  disks  to  be  used  were 
inspected  visually,  weighed,  and  checked  to  determine  their  resistance  to  airflow.  Data  obtained  are  given  below: 

Coarse  Disks 


Disk  no. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Weight,  mg 

70.4 

66.4 

74.2 

80.0 

75.6 

98.4 

99.6 

74.0 

98.2 

93.7 

AP,  cm  H30* 

2.0 

2.2 

2.2 

2.6 

2.6 

2.8 

3.2 

2.2 

2.6 

2.2 

Fine  Disks 

Disk  no. 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

Weight,  mg 

53.7 

47.6 

51.0 

51.1 

47.9 

50.5 

53.1 

47.6 

49.6 

47.6 

AP,  cm  H,0* 

18.6 

18.0 

18.4 

19.0 

19.0 

17.8 

17.8 

19.0 

17.2 

19.0 

*AP  measurements  'vere  performed  on  disks  instated  in  a  WSI  cell  with  an  airflow  rale  of  8  £/min. 


After  the  above  checks  were  made,  the  disks  (both  coarse  and  fine)  were  individually  treated  as  described  below: 


Disk  nos. 


Treatment* 


1  and  2 
3  and  4 

5  and  6 

7  and  8 

9  and  10 


Stored  in  desiccator  until  used. 

Stored  in  closed  container  over  saturated  aqueous 
solution  ofNa2S04  until  used. 

Placed  in  oven  at  147°C  for  4  hr,  then  stored 
in  desiccator  until  used. 

Washed  with  filtered  distilled  water,  then  dried 
24  hr  at  50°C,  then  stored  in  desiccator  until 
used. 

Washed  with  filtered  isopropanol  then  washed 
with  filtered  distilled  water,  then  dried  24  hr 
at  50°C,  then  stored  in  desiccator  until  used. 


•Storage  times  in  desiccator  or  closed  container  ranged  from  47  to  121  hr.  Equilibrium 
can  be  assumed  in  all  cases. 


After  the  above  treatments,  the  disks  were  used  in  separometer  tests.  Results  of  these  tests,  which  are 
shown  below,  indicate  that  the  repeatability  is  within  the  95%  confidence  limits  specified  by  ASTM  D  2550-66T  for 
all  pairs  of  WSIM  values  except  for  disks  9  and  10.  WSIM  values  for  disks  9  and  10  differed  by  13  units,  whereas  the 
allowable  difference  between  the  two  samples  having  a  mean  WSIM  of  63.5  is  approximately  12  units  according  to 
ASTM  D  2550-66T. 


Diffeience 

Max  allowable 

between 

difference  between 

Disk  nos. 

WSIM 

Mean 

ratings 

two  ratings* 

1  and  2 

61.65 

63 

4 

11 

3  and  4 

56,56 

56 

0 

13 

5  and  6 

64,54 

59 

10 

12 

7  and  8 

55.67 

61 

12 

i2 

9  and  10 

57,70 

63.5 

13 

12 

•A  -  given  by  ASTM  l)  25S0-66T 
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None  of  the  disk  treatments  gave  any  significant  change  in  the  level  of  WSIM  values. 


Based  on  these  results,  it  appears  unlikely  that  control  of  disk  moisture  content  or  any  controlled 
washing  or  drying  procedures  using  the  current  standard  disks  will  give  significant  improvements  in  repeatability  or 
changes  in  rating  level. 

i.  Precision  and  Effect  of  Sample  Storage 
(V  General 

Storage  tests  in  various  types  of  containers  were  run  on  an  inhibited  JP-5  fuel  blend  to  determine 
the  effect  of  storage  on  WSIM  values  and,  at  the  same  time,  to  determine  the  reproducibility  of  the  WSIM  values  as 
obtained  by  SwRI  personnel. 

The  test  fuel  blend  con¬ 
sisted  of  Ashland  JP-5  batch  14  (purchased 
without  inhibitors)  plus  0.15  vol  %  FSII  and 
16  lb/Mbbl  Santolene  C.  The  blend  was 
made  by  normal  procedures  in  the  Al/SS 
loop  (total  blend  volume  about  650  gal);  a 
one-drum  quantity  was  drawn  off  for  this 
test  series  into  a  prerinsed  epoxy-lined  steel 
drum.  Storage  and  test  conditions  are  listed 
in  Table  91.  The  WSIM  tests  were  run  with 
distilled  water  (standard  tests)  and  with 
“injection  water.”  The  latter  is  the  “Type 
B”  water  that  was  used  in  early  filter- 
separator  testing  in  the  program  reported 
herein.  Mean  pH,  surface  tension,  and  solids 
content  data  for  this  watf  are  presented  in 
Section  III  of  this  report. 

(21  WSIM  Reproducibility 

Looking  first  at  the  fresh- 
blend  WSIM  results  (Table  91),  it  can  be 
seen  that  the  reproducibility  of  the  four  test 
results  run  with  distilled  water  (standard 
WSIM)  was  reasonable  (i.e.,  “normal”),  but 
the  reproducibility  of  the  four  test  results 
run  with  injection  water  was  quite  poor. 

Interpreting  these  results 
in  terms  of  ASTM  procedures  for  limits  of 
uncertainty  of  the  average^  *  * )  the  following 
average  values  and  intervals  are  obtained  for 
95%  confidence  limits: 

Standard  WSIM  (distilled  water)  74.5*15.6 
WSIM  with  injection  water  65  2*27.6 


TABLE  91.  WSIM  REPRODUCIBILITY 
AND  EFFECT  OF  SAMPLE 
STORAGE 


Storage 

Days  of 

WSIM,  distilled  water 

WSIM, 

injection  water 

container 

storage 

Appar 

Oper 

TSSIT 

Appar 

Oper 

■tgga 

Fresh  b 

end 

A 

i 

77 

A 

i 

42 

A 

3 

60 

A 

2 

82 

A 

2 

80 

B 

2 

74 

B 

2 

81 

B 

1 

63 

55-gal  drum 

3 

A 

4 

72 

A 

4 

37 

14 

A 

5 

47 

A 

5 

76 

5-gal  can 

3 

A 

4 

69 

A 

4 

59 

14 

A 

5 

70 

A 

5 

57 

1  gal  can 

3 

A 

4 

30 

A 

4 

29 

14 

A 

4 

46 

A 

4 

36 

1  gal  jug 

3 

A 

4 

75 

A 

4 

52 

14 

A 

4 

77 

A 

4 

81 

NOTES: 

Storage  temperature:  65-68°F 

Fuel  blend: 

JP-5  (Ashland)  Batch  14  r  0  1 5  vol  %  FSII 

♦  16  Ib/Mbbi  Santolene  C 

Injection  waier:  Dis'illed  wider  ♦  Na4$,Ca  3o,  Mg  8  1,0  64.  SO«32. 

and  HCO) 

HU 

■« 

Containers. 

55gal  dri.m  •  steel,  epoxy  lined,  pterinscd 

5  gal  can 

•  steel,  unlrned,  no  peerins* 

i 

gat  can 

■  turned  steel,  no  prerinse 

Igs!  ju#t 

soft  glass  washed 

Apparatus 

A  w  urometei  m  Bldg  42  D 

B  ir  patomeiar  in  Bldg  70  (t.F  D  1 

These  limits  were  computed  on  the  basis  of  standard  deviations  (using  r  *  4  as  the  divivot)  and  a  factor  of  l  837  at 
applicable  to  95%  confidence  limits  with  four  observations. 
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On  this  basis,  one  can  say  that  the  “true”  or  “objective’  averages  for  these  two  systems  are  within 
the  indicated  ranges  with  a  probability  of  C.95.  These  ranges,  rounded  to  'he  nearest  whole  number,  are  59  to  90  for 
the  standard  WSIM  and  38  to  93  for  the  injection-water  WSIM. 

Looking  at  the  standard  5  'M  nlues  (Table  91),  it  will  be  noted  that  the  maximum  deviation 
between  any  two  results  was  21  units  wun  eoiiesponding  average  ef  70.  The  precision  criteria  listed  for  this 
method  in  ASTM  D  2550-66T  show  a  reproducibility  of  about  20  units  at  a  mean  rating  of  70.  Therefore,  it  is 
concluded  that  the  reproducibility  represented  by  the  standard  WSIM  test  results  reported  herein  is  approximately  at 
the  level  defined  in  the  ASTM  procedure.  It  is  not  possible  to  obtain  a  statistical  comparison  of  reproducibility 
because  of  the  limited  number  of  tests  (four  per  series). 

It  may  also  be  noted  that  the  single  value  of  60  reported  by  Operator  3  in  the  standard  WSIM  tests 
was  considerably  below  the  other  three  results,  which  were  grouped  very  closely  around  79  WSIM.  However,  there  is 
no  statistical  basis  whatever  for  saying  that  Operator  3  is  “rating  low,"  since  only  this  one  test  resuit  is  available.  In 
the  comparison  of  Operator  1  values  vs  Operator  2  values,  the  checks  were  excellent  in  the  standard,  distilled-water 
WSIM  tests,  but  Operator  1  rated  lower  than  Operator  2  in  the  injection-water  WSIM  tests.  Again,  because  of  the 
small  number  of  data  points,  it  is  not  possible  to  ascribe  any  quantitative  significance  to  this  difference.  With  regard 
to  the  two  separometers  involved  in  this  work,  no  significant  difference  could  be  detected. 

No  attempt  was  made  in  this  work  to  determine  the  probable  causes  of  the  relatively  poor 
reproducibility  of  the  separometer  results.  The  ASTM  procedure  itself  lists  the  dimensions  of  the  coalescer  cell  and 
the  completeness  of  flushing  (isopropanol  removal)  as  two  significant  factors.  Die  dimensions  of  the  coalescer  cells 
used  in  these  tests  were  within  tolerance.  As  reported  in  another  part  of  this  section,  studies  of  the  completeness  of 
the  flushing  procedure  indicated  satisfactory  removal  of  isoprcpanol. 

(3)  E ffect  of  Fuel  Storage  on  WSIM 

Using  the  fresh-blend  averages  and  ranges  as  defined  previously,  it  can  be  seen  that  storage  in  1-gal 
cans  was  the  only  condition  that  produced  a  regular  and  significant  drop  in  WSIM,  either  for  the  standard-  or  the 
injection-water  tests.  There  were  two  low  values  in  the  55-gal  drum  storage  samples,  but  these  were  random  with 
RSpect  to  storage  time  and  lest  operator.  Therefore,  the  only  firm  conclusion  that  can  be  drawn  is  that  storage  in 
new  l-ga'  cans  that  have  not  been  precleaned  will  lead  to  low  WSIM  values,  far  below  the  limits  of  normal  variation. 
This  conclusion  had  been  drawn  previously  in  CRC  work,  and  the  results  reported  herein  merely  verify  the  con¬ 
clusion  for  the  particular  fuel  blend  used  in  the  current  work. 

It  is  interesting  to  note  that  storage  n  1-gal  glass  jugs  gave  no  significant  lowering  of  WSIM,  even 
though  this  particular  fuel  is  believed  to  be  somewhat  light-sensitive.  Possibly,  the  relatively  low  storage  temperature 
and  the  low  intensity  of  tight  at  the  indoor  storage  site  contributed  to  the  lack  of  any  observable  effects. 


There  was  a  possible  r.d  toward  “recovery"  in  WSIM  value  between  3  and  14  days  of  storage. 
No  attempt  has  been  made  at  statistical  confirmation;  it  is  obvious  from  the  exceptions  to  this  “trend”  that  it  is  at 
best  of  doubtfu  significance.  However,  there  are  two  logical  reasons  why  such  a  trend  could  exist.  One  of  these  is 
the  gradual  settling  out  of  finely  divided  solid  material  during  storage,  so  that  the  end  product  is  purer  than  the 
starting  material  The  other  is  the  apparently  poorer  quality  (greater  surface  activity)  of  the  water  used  in  the  3-day 
evaluations  as  compared  with  that  used  in  the  fresh-blend  and  14-day  evaluations.  This  effect  can  be  seen  by 
comparing  surface  tension  values  for  ail  water  samples  used  in  this  work  as  shown  below: 


Surface  tension,  dyn/cm 

Operator 

Distilled 

water 

Injection 

water 

for  fresh -blend  samples 

72.2 

... 

3 

for  3 -day  samples 

70.4 

68.7 

1 

for  Unlay  samples 

72.2 

72.7 

3 
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Another  point  that  is  of  interest  in  the  WStM  comparisons  is  that  the  injection-water  values  were 
not  significantly  lower  than  the  distilled-water  values.  This  statement  should  not  be  taken  as  firm  evidence  that  no 
effect  exists.  Rather,  it  indicates  that  trends,  if  they  exist,  are  obscured  by  the  rather  ^oor  precision  o  the  WSIM 
results  in  this  range.  For  example,  in  the  fresh-blend  values,  the  average  WSIM  with  injection  water  is  some  9  units 
below  that  with  distilled  water,  but  this  is  not  a  significant  difference  in  terms  of  any  reasonable  confidence  in  the 
WSIM  results.  The  following  are  the  confidence  limits  corresponding  to  these  fresh-blend  data: 


WSIM  with 

WSIM  with 

distilled 

injection 

water 

water 

99%  confidence 

46-100 

15-100 

95%  confidence 

59-90 

38-93 

90%  confidence 

63-86 

45-86 

80%  confidence 

66-83 

51-80 

70%  confidence 

68-81 

54-76 

50%  confidence 

71-78 

58-72 

Even  at  a  50%  confidence  level,  there  is  an  overlap  in  the  limits,  i.e.  we  cannot  even  say  that  the  injection-water 
WSIM  is  “probably”  lower  than  the  distilled-water  WSIM. 

The  only  really  significant  trend  shown  in  the  WSIM  data  was  the  decrease  caused  by  storage  in 
1-gal  cans.  The  WSIM  values  were  as  follows: 


Fresh 

3-day 

14-day 

Distilled-water  WSIM 

74  (avg) 

30 

46 

Injection-water  W'SIM 

65  (avg) 

29 

36 

The  WSIM  decreases  from  the  fresh-blend  values  are  statistically  significant,  but  the  apparent  “recoveries”  from  3  to 
14  days  are  not. 

3.  Corrosion  Inhibitor  Concentration  Determination  by  I  FT  Measurements 

A  simple  method  of  estimating  corrosion  inhibitor  concentrations  wouid  be  very  valuable  in  both  research  and 
field  applications.  For  some  inhibitors,  the  standard  interfacial  tension  (against  distilled  water)  can  be  a  fair  measure 
of  inhibitor  content,  so  long  as  fucl/additive  interactions  do  not  introduce  rime-dependent  variations.  For  inhibitors 
such  as  Santolene  C,  which  do  not  depress  the  standard  interfacial  tension  to  any  great  degree,  some  other  method  is 
needed.  In  the  course  of  single-element  testing,  it  had  been  noted  that  Santolene  C  blends  showed  much  lov%r 
interfaciai  tensions  when  the  distilled  water  was  replaced  by  WPAFB  taf  water  or  synthetic  water  blends  containing 
appreciable  amounts  of  sodium  ion.  A  study  was  undertaken  to  determine  whether  such  interfaciai  tensions  could  be 
used  to  estimate  the  amount  of  Santolene  C  in  fuel  blends.  The  use  of  tap  water  appeared  undesirable  because  of 
possible  variations  in  water  quality,  and  the  synthetic  water  blend  used  in  the  single-element  testing  appeared  to  be 
unduly  complex  for  this  purpose.  Therefore,  studies  were  made  of  straight  solutions  of  sodium  carbonate  and 
bicarbonate,  which  would  be  expected  to  show  maximum  interactions  with  the  acidic  component  of  Santolene  C. 

This  work  of  1FT  tests  to  rate  additive  concentrations  was  hamptred  seriously  by  problems  with  the 
laboratory  environment.  The  data  listed  in  Table  92  illustrate  the  difficulties  that  were  being  encountered  with 
repeatability  of  results.  During  the  testing  period,  laboratory  temperature  was  65°  to  66°F,  and  drafts  were  inter¬ 
fering  seriously  with  the  precision  of  the  test.  Even  under  these  conditions,  the  surface  tension  values  for  distilled 
water  were  quite  normal.  It  may  also  be  noted  from  Table  92  that  the  interfaciai  tension  results  on  Santolene  C 
blends  were  not  affected  significantly  by  using  sodium  bicarbonate  solution  in  place  of  distilled  water;  at  the 
maximum  concentration  of  16  lb  Santolene  C  per  1000  bbl  of  JP-5  fuel,  the  IFT  was  3!  to  33  dynes/cm  with  either 
aqueous  material.  This  is  in  marked  contrast  to  earlier  results  on  Santolene  C  blends  in  JP-4  when  tested  with  tap 
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TABLE  92.  SURFACE  AND  INTERFACIAL  TENSIONS  WITH 
SODIUM  BICARBONATE  SOLUTION  AND 
SANTOLENF  C  FUEL  BLENDS 


Date 

Instrument  scale  reading,  d 

yn/cm 

Corrected 

value, 

dyn/cm 

Individual  values 

Avg 

Surface  tension: 

Distilled  water 

29  Feb  68 

77.6,77.8 

77.7 

73.1 

1  Mar  68 

77.5,77.6 

77.6 

73.0 

NaHCOj  solution 

29  Feb  68 

68.3,68.8 

68.6 

64.0 

29  Feb  68 

77.6,77.7 

77.7 

73.1 

1  Mar  68 

68.5,69.1 

68.6 

64.0 

1  Mar  68 

77.3,77.5,77.5 

77.4 

72.8 

1  Mar  68 

68.5,71.8,78.1,78.2,78.4, 

78.6,78.2 

75.4 

70.8 

Ir.terfacial  tension  with  fresh  uninhibited  JP-S: 

Distilled  water 

29  Feb  68 

39.0,42.7,40.7,38.5.39.3 

40.0 

41.7 

1  Mar  68 

43.1,41.0,41.5.41.7 

41.8 

43.9 

NaHC03  solution 

29  Feb  63 

43.1,41.7,42.1,42.7.42.2 

42.4 

‘14.6 

1  Mar  68 

40.7,4  13 

41.0 

42.Q 

Interfacial  tension  with  fresh  JP-5  +  4  IbjMbbl  Santohne  C: 

Distilled  water 

29  Feb  68 

39.5,33.5,35.4,35.9,38.1 

36.5 

37.6 

NaHC03  solution 

29  Feb  68 

37.2,37.5 

37.4 

38.6 

Interfccial  tension  with  fresh  JP-5  +  16  Ib/Mbbl  Santolene  C: 

Distilled  water 

29  Feb  68 

32.431.332.033.9,34.5 

32.5 

33.0 

NaHC03  solution 

29  Feb  68 

30.6,30.8 

30.7 

31.0 

NOTE:  NaHCOj  solutionis  i  63 .9  rng/S;  of  reagent-grade  chemical  in  distilled  water. 


water  or  with  synthetic  medium-hardness  water;  it  had  been  found  that  either  of  these  waters  would  give  1FT  values 
some  19  dynes/cm  below  the  values  obtained  with  distilled  water. 

Subsequently,  the  I  FT  apparatus  (a  Fisher  Model  21  Tensiomat)  was  relocated  so  as  to  minimize  the  effects  of 
drafts  and  vibrations,  cleaning  procedures  were  reviewed  and  made  more  rigorous,  and  time  sequences  in  testing  were 
standardized.  Sodium  carbonate  solution  (rather  than  bicarbonate)  was  adopted  in  an  effort  to  increase  the  ‘  spread” 
of  results,  that  is,  the  sensitivity  of  IFT  values  to  concentration  of  Santolene  C.  Under  these  improved  operating 
conditions,  no  difficulties  were  encountered  in  obtaining  repeatable  surface  tension  results  on  either  distilled  water 
or  carbonate  solution,  both  giving  approximately  73  dynes/cm.  Inter ftiial  tension  values  (shown  in  detail  in  Table 
93)  indicated  that  the  repeatability  had  been  improved  somewhat.  Also,  when  using  the  carbonate  solution,  the  IFT 
values  on  blends  containing  Santolene  C  weve  far  below  those  obtained  with  distilled  water  and  appeared  to  offer  a 
reasonable  basis  for  estimating  inhibitor  concentrations.  This  can  be  seen  from  the  foBowing  summary  of  results, 
which  includes  those  shown  in  Table  93  and  others  obtained  at  about  the  same  time: 


Santolene  C 
concn, 
Ib/Mbbl 

IFT,  dyn/cm  (average  values  in  parentheses) 

Distilled  water 

Sodium  carbonate,  1 23  mg/8 

0 

44.2,43.0  (43.6) 

37.136.8,40.939.933.2 

(37.6) 

4 

42 3 .4 1.0  (41.6) 

24.230.5,25.4,30.6 

(27.7) 

8 

21.7 

(21.7) 

12 

18.1 

(18.1) 

16 

32.235.1  (33.6) 

11.0,12.6,12.7 

02.1) 

When  the  IFT  values  arc  plotted  against  concentration,  a  reasonable  correlation  band  may  be  plotted  covering 
all  of  the  points  (Figure  26,  circles).  This  band  is  narrow  enough  that  it  appeared  satisfactory  for  estimating 
Santolene  C  concentrations.  However,  check  results  or.  a  freshly  prepared  series  of  blends  upset  the  correlation 
completely.  IFT  values  on  these  blends  vs  carbonate  solution  were  as  follows: 

Santolene  C  IFT, 

concn.  Ib/Mobi  dyn/cm 


4t  0 
38 .4 
34.0 

24.8.25.8 

30.4.15.9 

These  result:  are  plotted  on  Figure  26  as  triangles  1'  can  be  seen  that  ail  of  these  points  fell  outside  the  bend 
established  by  the  previous  data.  I*  a  band  were  drawn  to  take  in  all  the  data  points,  it  would  be  so  wide  as  to  be  of 
no  value  for  determining  inhibitor  concentrations. 

It  is  suspected  that  the  difficulty  with  the  repeatability  of  the  interfacial  tension  results  is  a  function  of  many 
variables.  There  are  believed  to  be  time-dependent  interactions  between  the  inh.bitur  and  trace  constituent:  of  the 
base  fuel  In  addition,  variations  in  interfacud  tension  values  may  accompany  small  chan***  in  .he  temperature  of  the 
system  as  well  as  smalt  changes  in  the  pH  of  the  water  phase  when  dealing  with  fuet-Sanfotenc  C  biends 

Because  studies  of  th<:  sort  constitute  a  sizable  amount  of  effort,  and  the  immediate  problem  at  hand  did  not 
appear  to  warrant  any  extenarvt  expenditure  of  tune,  no  further  work  along  this  line  wai  performed 

4.  Teat  Section  &P  fH—unwnert  with  Cwdsaart  On*y 

During  the  development  of  work  in  this  program,  it  was  decided  to  perform  certain  tests  in  the  Al/SS  loop  to 
establish  pressure  drops  of  the  test  section  less  element  Tome  values  were  thought  necessary  **  correction  factors  m 
analysis  of  pressure-drop  data,  since  they  could  b*  subtracted  from  the  total  pressure  drops  to  gwe  the  enr  responding 


0 

s 

4 

8 

16 


rT7 


TABLE  93.  INTERFACIAL  TENSIONS  WITH  SODIUM  CARBONATE 
SOLUTION  AND  SANTOLENE  C  FUEL  BLENDS 


Date 

Instrument  scale  reading,  dyn/cm 

Corrected 

value, 

dvn/cm 

HI 

Fresh  uninhibited  JP-5: 

Distilled  water 

6  Mar  68 

39.7,43.1,433,42.6 

42.1 

44.2 

8  Mar  68 

40.5,41.5,40.6,423,40.5 

41.1 

43.0 

NajCOj  solution 

6  Mar  68 

36.4,35.8.36.0 

36.1 

37.1 

8  Mar  68 

35.036.635.7 

35.8 

36.8 

Fresh  JP-S  +  4  ib/Mbbi  Santolene  C: 

Distilled  water 

6  Mar  68 

39.9,40.6,40.8,40.6 

40.5 

423 

8  Mar  68 

38.939.839.639.2 

39.4 

41.0 

Na3COj  solution 

6  Mar  68 

23.5,24.6,28.1,23.5,23.0 

24.5 

7  Mar  68 

29.230.8308 

303 

8  Mar  68 

25.4,25.7,25.6 

25.6 

25.4 

Fresh  JP-5  +  8  Ib/Mbbi  Santolene  C: 

NajCOj  solution 

1 1  Mar  68 

22.5,22.1 

223 

21.7 

Fresh  JP-5  *  12  ib/Mbbi  Santolene  C: 

NtjCOj  solution 

1 1  Mar  68 

17.1,193,21.1,15.6,20.7 

18.8 

1S.1 

Fresh  JP-S  *  16  ib/Mbbi  Santolene  C: 

Distilled  water 

— 

6  Mar  68 

30.7.29.9^16,32.3,3!. 5 

31.8 

- 1 

32.2 

8  Mar  68 

34.734.2343 

34.4 

.  35.1 

Na3COj  solution 

6  Mar  68 

12 .1.11.7,12.6 

12  1 

no 

7  Mar  68 

12.5, 149,139 

13.8 

12.6 

8  Mar  68 

13.9.136.143 

1 3.9 

117 

NOT!  Ne,CO»  solution  tx  1 23  mg/tof  reagent-grade  ch?rrtcal  in  distilled  water 


pressure  drops  of  the  elements  themselves.  This  approach 
seemed  quite  reasonable;  however,  as  will  be  seen  from  the 
subsequent  discussion,  the  situation  was  not  as  simple  and 
clear-cut  as  it  would  appear. 

Both  JP-4  and  JP-5  were  included,  and  two  different 
canisters  were  used  in  this  study.  Canister  A  was  the  unit 
used  in  all  loop  tests  through  test  nc.  21 1,  and  Canister  B 
was  a  replacement  used  in  tests  212  through  329.  Canister 
A  was  still  functioning  at  a  satisfactory  level  at  the  time  of 
its  retirement,  but  had  seen  considerable  wear  and  tear 
during  its  21 1  tests  with  SwRI  and  unknown  prior  history. 

Pressure  drops  were  determined  with  each  of  these 
canisters  in  the  regular  aluminum  test  housing,  without  test 
element,  over  a  range  of  flow  rates.  With  no  water  present 
in  the  test  housing,  some  fuel  can  bypass  through  the  open¬ 
ings  in  the  bottom  of  the  canister;  this  could  conceivably 
affect  the  pressure  drop.  Therefore,  some  tests  were  run 
with  a  water  seal  produced  by  passing  in  water  through  the 
bottom  of  the  housing  until  the  openings  were  covered. 
Differential  pressure  gage  readings  in  all  cases  were  cor¬ 
rected  for  gage  error,  using  gage  calibration  data  obtained 
within  the  same  week.  The  data  obtained  are  listed  in  Table 
94  and  shown  graphically  in  Figures  2 7  and  28. 

In  the  tests  run  with  a  water  seal  in  the  bottom  of  the 
housing,  the  pressure  drops  did  not  differ  significantly  from 
those  obtained  without  a  water  seal,  indicating  that  fuel 
bypass  through  the  openings  (in  the  absence  of  a  teal)  does 
not  influence  pressure  drops  significantly.  With  the  water 
seal,  as  the  flow  rate  was  increased,  huge  amounts  of  free 
water  appeared  in  the  effluent  fuel. 'This  phenomenon  was 
noted  at  2C  gpm  with  the  JP-5  Orel  and  at  39  gpni  with  the 
JP-4  fuel.  Since  the  test  housing  and  canisters  functioned 


FIGURE  26.  INTERFACAL  TENSION  (CAR¬ 
BONATE  SOLUTION)  VS  CONCENTRATION 
OF  SANTOLENE  C  IN  JP-5 


quite  normally  with  a  water  seal  in  regular  tests  on  JP-5  fuel  a;  20  gpm,  it  is  evident  that  omission  of  the  element  for 


these  pressure-drop  checks  created  a  radical  change  in  the  flow  conditions  in  the  canisters 


It  can  be  seen  from  Figures  27  and  28  that  the  pressure  drop  curves  on  logarithmic  coordinates  are  (meat  sver 
all  or  most  of  tne  flow  rate  range.  The  slopes  of  the  straight -line  portions  are  within  the  range  of  J  .8  to  2.0, 
indicating  highly  turbulent  flow  and  high  Reynolds  numbers.  This  dope,  which  represent*  the  exponent  in  the 
pressure  lots  vs  flow  rate  function,  increases  with  increasing  Reynolds  number,  reaching  1 .8  at  a  Reynolds  number  of 
about  150X100  and  theoretically  approaching  2  0  as  the  Reynolds  number  be:  jam  infinite. 


A  single  check  on  the  pressure  drop  of  the  housing  alone,  with  JP-5  at  20  gpm,  indicated  atm  pressure  drop 
This  probably  indicates  that  the  actual  prewire  drop  is  balanced  by  a  negative  velocity-head  effect,  which  a 
estimated  to  be  0,3  psi 

St  can  be  noted  from  Figures  27  and  28  that  Canister  A,  (he  older  of  the  two,  gave  slig  tly  tow*  pressure  drops 
than  did  Canister  R  It  can  also  be  noted  fiem  tNese  figure*  Hid  Train  Table  94  that  the  JP  $  fuel  gave  only  rfagh.t  y  higher 
pressure  drops  than  did  the  JP-4  fuel,  m  most  esses  lew  than  IQi*  higher.  Tats  a  further  confirms!**)  of  die  turbuknt 
nature  of  the  flow  in  the  areas  governing  the  pressure  drop  If  the  flow  wen  tammar,  the  pressure  drop  would  be 
proportional  to  fuel  v*co«itv  end  the  JP-5  should  give  about  twice  the  pressure  drop  of  the  JP4  In  turbulent  flow, 
pressure  drop  is  approximate!*  proportional  to  fuel  density  this  relatiomhipa  tn  reasonable  agreement  with  'he  resold 
obtained 


The  real  reason  for  performing  this  work  was  the  need  for  “blank”  pressure  drops  to  subtract  from  test-section 
pressure  drops,  thus  giving  pressure  amps  that  are  characteristic  of  the  test  element  only.  Unfortunately,  this 
approach  did  not  fulfill  the  objective  The  housing-plus-canister  pressure  drops  that  were  obtained  were  unrealistic - 
ally  high.  For  example.,  at  a  flow  rate  of  20  gpm  with  JP-5  fud,  pressure  drops  were  1.5  to  1.9  psi  with  housing  and 
canister,  zero  with  housing  only,  thus  indicating  pressure  drops  of  U  to  1 .9  psi  for  the  canisters.  Total  test-section 
pressure  drop  is  normally  3  to  4  psi  with  element  and  canister  installed.  This  implies  that  the  canister  is  creating 
approximately  as  much  flow  resistance  as  is  the  element  itsdf-a  conclusion  that  is  obviously  incorrect  for  a  number 
of  reasons.  In  the  first  place,  examining  the  geometry  of  the  dement  and  the  canister,  it  will  be  seen  that  they  have 
approximately  the  same  superficial  flow  area.  The  “working  layer”  of  the  canister  consists  of  a  100-mesh  screen, 
that  of  the  element  of  fibrous  mat  that  has  considerable  depth  and  consists  of  tortuous,  fine  passages.  One  does  not 
need  a  detailed  mathematical  proof  to  be  convinced  that  the  pressure  drop  across  the  element  should  be  far  greater 
than  that  acres*  the  canister  screen.  Again  one  may  note  that  the  pressure  drop  wc  have  measured  across  the 
canister  in  this  work  is  13  to  2.0  psi;  this  refeis  to  about  280  in'  superficial  flow  area.  Also  present  in  the  Al/SS 
loop  is  a  100-mesh  mixing  screen  with  2.24  in1  superficial  flow  area.  Prorating  on  an  area  basis,  one  would  predict  a 
pressure  drop  of  190  to  250  psi  across  the  mixing  screen,  instead  ot  the  0  to  2  psi  actually  obtained  under  these  flew 
conditions.  Therefore,  it  is  evident  that  the  observed  pressure  drops  of  13  to  1.9  psi  cannot  be  attributed  to  the 
canisters. 


Considerable  theorizing  has  been  don:  about  what  was  happening,  but  the  end  result  can  best  be  visualized  in 
physical  terms.  With  the  element  in  place,  the  liigh-velocity  fuel  stream  (7  to  8  ft/sec)  entering  through  the  bottom 
connection  is  diffused  through  the  element  and  its  velocity  greatly  reduced,  so  that  the  flow  through  the  bed  is 
laminar.  This  picture  may  break  down  locally  when  water  enters,  but  it  is  probably  correct  for  dry  fuel  The  fuel 
leaving  the  element  is  essentially  in  the  lamii.ar  flow  regane.  Flow  conditions  between  the  element  and  canister  are 
indeterminate,  bui  in  any  case  there  is  no  time  to  develop  any  great  turbulence  in  the  1/16-in.  passage  between 
element  and  canister.  Flow  through  the  screen  can  be  calculated  to  be  in  the  laminar  regime,  although  again 
conditions  are  indeterminate  because  of  the  changing  geometiy  along  the  flow  path.  In  any  case,  there  could  not  be 
any  great  turbulence. 


With  the  element  removed,  on  the  other  hand,  the  high-velocity  fuel  stream  jets  into  the  canister  and  creates  a 
condition  of  extreme  turbulence  within  the  whole  space.  Therefore,  flow  conditions  through  the  canister  screen  are 
quite  different  when  the  element  is  removed,  and  the  “blank"  value  obtained  for  pressure  drop  under  these 
conditions  is  not  a  valid  blank  to  use  in  determining  the  true  pressure  drop  across  the  element. 


It  appears  that  the  unexpectedly  high  pressure  drops  obtained  with  the  canister  alone  are  a  consequence  of  a 
different  mode  of  development  of  boundary  layer  at  <he  screcu  surface  when  the  entering  flow  is  1  i  ;hly  turbulent.  It 
is  probable  that  a  detailed  theoretical  analysis  of  this  problem  would  reveal  the  cause  of  the  behavior  in  more  precise 
terms,  but  this  wa;  not  essential  for  the  problem  at  hand. 


In  order  to  determine  the  “true”  pressure  dron  of  an  element,  it  would  have  been  necessary  to  instrument  the 
test  section  with  pressure  probes  within  the  center  of  the  clement  and  between  the  element  and  canister.  The 
geometry  of  these  components  creates  certain  mechanical  problems  in  installing  such  probes,  and  the  problem  is 
further  complicated  by  the  need  to  eliminate  all  effects  of  flow  velocity  on  static  pressure  measurement.  A  more 
direct  approach,  and  the  one  that  was  finally  taken,  was  measurement  of  element-only  pressure  drops  in  separate 
equipment  designed  for  this  purpose,  followed  by  measurement  r..  pressure  drop  of  the  test  section  with  this  same 
element  installed. 


The  results  indicate  that  a  “blank”  correction  applicable  to  all  elements  cannot  be  obtained  merely  by  taking 
the  difference  between  the  iwo  pressure  readings.  The  mean  difference  of  these  two  differential  pressures  is  given 
below  for  five  different  groups  of  elements: 
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Element  identification 

No.  of 

tests 

Mein  pressure 
difference*,  psi 

Bowser 

12 

3.27 

Rendix 

12 

2.% 

Fram 

12 

3.38 

F.I.  Govt  std 

4 

2.42 

F.l.  Lot  516 

5 

2.24 

F.I.  Lot  465 

38 

1.48 

‘Differential  pressure  in  test  section  at  start  of  test  minus  differentia! 
pressure  in  pressure  cheat  trough. 

From  a  more  general  point  of  view,  the  data  and  conclusions  reported  here  could  have  some  significance  in 
interpreting  housing  and  element  pressure-drop  data  on  commercial  filter-separator  equipment.  When  defining 
housing  vs  housing-plus-media  pressure  drops  for  specification  purposes,  tests  on  the  total  unit  less  elements  (but 


TABLE  95.  COLOR  RATINGS  OF  FILTERS  IN  SOLIDS  DETERMINATIONS* 


Comamuunt:  Come  AC  dust 

bole: 

B 

- - 

Solids 

0.00 

0.00 

0J6 

0.34 

o.;o 

0.18 

0.11 

0.15 

0.01 

0.30 

0.24 

0.31 

C.-52 

0.38 

0.76 

0.38 

0.20 

0.46 

0  4? 

Bating 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

I 

1 

J 

.Solids 

0.47 

0.47 

0.04 

0.17 

0.73 

0.32 

0.33 

0.30 

0.44 

0.92 

0.60 

0.40 

0.54 

074 

0.14 

0.29 

0.37 

0.64 

0.65 

Rating 

l 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Solids 

0.49 

0.77 

0.51 

0.48 

0.48 

■1.39 

0.30 

0.39 

0.59 

0.22 

0.71 

0.45 

0.14 

0.34 

0.41 

0.52 

0.22 

0.98 

0.42 

Rating 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 

Solids 

O.'O 

0.36 

0.14 

0.3 1 

0.08 

0.23 

0.36 

0.20 

0.00 

0.00 

0.18 

0.39 

0.40- 

0.27 

0.39 

0.65 

0.21 

1.31 

0.42 

Rating 

1 

1 

I 

1 

1 

1 

1 

1 

t 

1 

1 

1 

1 

1 

1 

] 

1 

1 

j 

Solids 

0.25 

0.19 

0.3S 

0.29 

0.00 

0.00 

0.30 

0.23 

034 

0.45 

0.0S 

0.0C 

0.10 

0.07 

0.16 

0.79 

0.37 

0.26 

0.19 

Rjueg 

1 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

] 

1 

Solids 

0.42 

1 

0.19 

1 

0.71 

1 

0.11 

1 

0.21 

0.42 

0.33 

0.26 

0.15 

0.52 

0.21 

0.09 

0.34 

0.35 

0.20 

0.20 

0.51 

0.28 

0.46 

Solids 

0.70 

1 

0.18 

1 

0.30 

0.48 

1 

0.22 

0.04 

0.49 

0.62 

0.39 

0.74 

0.21 

0.40 

1 

1.28 

1 

0.29 

0.45 

1 

0.42 

1 

0.27 

1 

0.70 

1 

0.22 

Solids 

0.19 

0.34 

0.38 

0.32 

0.11 

1.00 

1.08 

0.66 

0.36 

0.00 

0.00 

1 

1.26 

1 

0.97 

1 

0.68 

1 

1.57 

1 

0.55 

1 

1.37 

1 

0.74 

1 

1.16 

Rating 

1 

1 

1 

1 

1 

1 

t 

1 

1 

i 

i 

1 

i 

i 

i 

1 

1 

1 

J 

Solids 

0.00 

1.38 

074 

0.63 

0.68 

0.52 

0.57 

0.62 

0.66 

1.53 

1.29 

1.02 

1.51 

0.83 

0.49 

0.87 

0.80 

0.74 

’81 

Rating 

1 

! 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Solids 

1.09 

1.01 

0.60 

0.63 

0.57 

0.44 

1.14 

0.86 

1.08 

1.04 

0.00 

0.47 

0.56 

0.23 

0.18 

0.50 

0.74 

0.74 

0.25 

Rating 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Solids 

0.35 

0.38 

0.45 

0.68 

0.00 

1.08 

0.62 

1.87 

1.25 

0.94 

0.86 

1.71 

1.26 

1.04 

1.03 

1.21 

1.87 

2.37 

2.96 

Rating 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Solid: 

’.CO 

3.56 

0.88 

0.78 

0.96 

0.06 

1.80 

2.27 

1  96 

1.80 

2.34 

1.95 

1.67 

5.52 

2.34 

5.32 

2.76 

1.89 

1.59 

Rating 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

Solids 

2.59 

2.50 

3.86 

3.04 

Ratii.g 

4 

4 

5 

5 

Contaminant:  Fine  AC  dust 

bcale: 

B 

Solids 

0.50 

0.16 

0.00 

0. ! 

0.44 

0.00 

0.34 

0.15 

0.91 

0.63 

2.87 

1.99 

4.68 

Rating 

I 

1 

1 

_1 

1 

I 

' 

1 

1 

2 

2 

2 

3 

4 

4 

5 

Contaminant:  RIO  (Pfizer  R-9998)  j 

beaie: 

A 

Solids 

0.11 

0.1 1 

0.00 

0.13 

0.25 

0.22 

0.00 

0.02 

0.00 

0.12 

0.00 

0.24 

0.10 

0,00 

0.11 

0.04 

0.98 

2.74 

5.28 

"Rating 

0 

0 

1 

1 

i 

1 

1 

1 

1 

I 

1 

i 

1 

1 

1 

1 

7 

8 

9 

Soli  dr 

998 

’.50 

12.72 

12.38 

15.92 

Rating 

9 

9 

9 

9 

9 

Contaminant:  Ground  Iron  Ore  (Pfizer  B-00985)  | 

icale 

A 

...  •  — 

Solids 

0.37 

0.31 

0.53 

0.40 

0.56 

0.21 

030 

0.36 

0.00 

0.04 

028 

0.44 

1.23 

1  36 

0.82 

0.94 

0  82 

0  62 

0.8K 

Rating 

2 

2 

2 

3 

3 

3 

3 

.3 

3 

3 

3 

4 

5 

5 

5 

6 

6 

7 

7 

Solids 

1.46 

2.06 

1.53 

2.19 

3.58 

7.32 

Rating 

7 

7 

8 

8 

9 

•All  solids  determinations  were  performed  using  Milllnore  0.8u,  V-am  membrane  Wren  Solldi  valuer  etven  an  band  on  weUht  tain  of  leil  membrane  relative  lo 

- 

WWW  used  directly  below  it.  and  are  independent  of  sample  size.  Volume  of  Mutinies  which  g»ve  these  rviult*  w*  9C0  to  3900  ml. 

] 
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with  canisters  or  other  separator  device)  coul i  give  fictitious  results  in  the  same  manner  as  Wi  observed  here.  Such 
effects  are  probably  even  mere  severe  in  larger  equipment. 

6.  Membrane  Filter  Color  Mating* 

In  an  earlier  report^),  membrane  color  ratings  were  listed  for  filters  us^d  in  solids  determinations  in  conjunc¬ 
tion  with  Al/SS  loop  tests  225  to  234.  Using  the  same  color  standards,  rating  of  filter  colors  was  continued  through 
the  end  of  the  test  program.  An  examination  of  the  results  obtained  has  provided  a  number  of  interesting  observa¬ 
tions.  The  greatest  value  of  the  ratings  appears  to  be  their  use  as  a  monitor  in  detecting  contaminants,  but  they  can 
serve  also  as  a  seiniquantitative  determination  when  the  type  of  contaminant  is  known,  as  in  the  present  program. 

The  data  which  are  reported  in  Table  95  were  obtained  from  samples  drawn  during  Al/SS  loop  tests  225  to 
329.  In  each  case,  Millipore  O.Sp,  37-mm  membrane  filters  were  used. 

Results  are  grouped  according  to  contaminant  and  rating  scale,  but  no  effort  was  made  to  arrange  results 
according  to  additive-fuel  combination  or  to  the  condition  of  the  fuel,  i.e.,  fresh,  clay-treated,  or  reused.  The  solids 
values  reported  here  are  the  actual  amount  of  solids  deposited  on  the  test  membrane  (in  mg)  and  are  hence 
independent  of  sample  size.  A  value  of  0.00  mg  was  assigned  to  those  samples  which  indicated  a  weight  loss  of  the 
test  filter  relative  to  the  control  filter. 

Four  groups  of  data  were  obtained  during  the  course  of  the  loop  tests,  as  follows:  Coarse  AC  dust  with  B  scale, 
fine  AC  dust  with  B  scale,  red  iron  oxide  (RIO,  Pfizer  R-9998)  with  A  scale,  and  ground  iron  ore  (GIO,  Pfizer 
B-00985)  with  A  scale.  The  solids  contaminants  used  are  described  elsewhere  in  this  report.  The  color  scales  used  can 
be  described  as  follows:  B-scale,  from  white  at  a  rating  of  0  through  light  brown  to  a  very  dark  brown  at  a  rating  of 
10;  A-scale,  from  white  at  a  rating  of  0  through  reddish  brown  to  a  very  dark  red  (almost  black)  at  a  rating  of  10.  It 
should  be  noted  that  at  the  zero  rating,  both  scales  are  the  same  color. 

The  mean  values  of  the  solids  con¬ 
tent,  along  with  the  standard  deviation, 
and  the  maximum  and  minimum  values 
for  each  given  rating  are  shown  in  Table 
96  and  are  plotted  against  the  ratings  for 
each  group  of  data  on  semilog  graphs  in 
Figures  29  to  32.  As  can  be  noted,  the 
plots  can  be  represented  very  well  by 
straight  lines. 

The  upper  limit  of  the  rating  scales 
is  10,  but  it  <s  suspected  that  it  is  possible 
to  have  a  smaller  upper  limit  value  if  the 
color  of  the  contaminant  itself  is  not  as 
dark  as  the  10  rating  for  the  scale  used. 

This  appears  to  be  the  case  m  Figures  29 
and  30,  where  AC  dusts  were  involved.  In 
both  of  these  cases,  no  ratings  above  5 
were  obtained  and  thh  seems  reasonable, 
because  the  color  of  'he  AC  dusts,  both 
fur  and  coarse,  is  about  the  same  as  that 
of  the  5  rating  on  the  B  scale.  It  is  be¬ 
lieved  that  once  the  solid  contaminant 
has  fcnen  deposited  on  the  membrane  in 
sufficient  quantity  to  completely  cover  it, 
any  increase  in  contaminant  will  no 


TABLE  96.  MEAN  SOLIDS  VALUES  AT  GIVEN  COLOR  RATINGS 


longer  affect  the  rating  and  correlation  ceases.  Therefore,  the  usable  range  of  the  color  standards  can  be  a  function 
of  the  color  of  the  contaminant  itself.  A  look  at  the  results  obtained  with  RIO  and  GIO  tends  to  support  this 
conclusion.  The  color  of  these  two  contaminants,  although  not  exactly  the  same,  can  be  matched  best  by  the  9 


CotarMI%T mb  Cotor  mine,  “B“  tola 


FIGURE  29.  AVERAGE  SOLIDS  VS  COLOR  FIGURE  30.  AVERAGE  SOLIDS  VS  COLOR 

RATING  FOR  COARSE  AC  DUST  RATING  FOR  FINE  AC  DUST 

AND  SCALE  &  AND  SCALE  B 


rating  on  the  A  scale.  No  ratings  above  9  were  obtained  for  samples  containing  either  of  these  two  solids.  If  there  is 
indeed  a  smaller  usable  rating  range  for  coarse  and  fine  AC  dust  (0  to  5)  than  for  the  RIO  and  GIO  (0  to  9),  one 
might  expect  the  slope  of  the  lines  in  plots  of  ratings  vs  solids  to  be  greater  in  the  case  of  the  light-colored 
contaminants  (range  0  to  5).  Figures  29  to  32  do  show  this  to  be  true.  Hcwever,  this  effect  may  also  be  a  result  of 
the  density  and  particle  size  distribution  of  the  different  contaminants. 

Because  the  data  reported  here  were  collected  as  extra  information  and  not  as  the  result  of  a  carefully  planned 
evaluation  of  the  color  standards,  they  do  not  lend  themselves  very  well  to  statistical  analysis.  Although  in  every  case 
there  appears  to  be  a  relatively  high  degree  of  correlation  between  solids  content  and  color  rating,  it  is  quite  possible  that 
an  even  higher  degree  of  correlation  could  be  obtained  by  periorming  solids  determinations  while  controlling  such 
factors  as  fuel-additive  blend,  fuel  type,  fuel  treatment,  and  fuel  free  water  content.  The  correlations  shown  here  do 
point  out  the  potential  usefulness  of  the  color  ratings  in  filter-separator  testing  and  related  research  on  fuel 
decontamination. 

6.  FSII  Determinations 

a.  Introduction 

Analyses  for  FSII  content  of  test  fuels  were  performed  regularly  during  the  Al/SS  loop  tests  using 
clay-treated  fuel.  Most  of  these  analyses  were  run  by  the  differential  refractometer  method  (FTMS-791a  Method 
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Color  mini.  "A"  acrtt  Color  mini,  “A"  ok 


FIGURE  3 1 .  AVERAGE  SOLIDS  VS  COLOR  FIGURE  32.  AVERAGE  SOLIDS  VS  COLOR 

RATING  FOR  RED  IRON  OXIDE  RATING  FOR  GROUND  IRON  ORE 

(PFIZER  R-9998)  AND  SCALE  A  (PFIZER  B-OC985)  AND  SC  A  LE  A 

5340)  that  is  specified  in  MIL-T-5624G  as  an  alternate  for  the  dichromate-titration  method  (FTMS-791a,  Method 
5327.3).*  The  refractometer  method  has  advantages  in  time  and  ease  of  determination.  However,  certain  problems 
in  technique  and  ambiguities  in  the  procedure  had  not  been  noted,  and  it  appeared  further  that  the  method  was 
giving  consistently  low  results.  The  work  reported  here  was  an  exploration  of  these  deficiencies  and  their  correction. 

In  the  dichromate  method,  a  15-ml  sample  of  the  test  fuel  is  extracted  with  25  ml  of  water,  the  aqueous 
layer  is  drained  off,  and  an  aliquot  portion  of  the  aqueous  layer  is  then  titrated  with  standard  dichromate  solution. 
The  dichromate  solution  is  standardized  against  known  mixtures  of  FSII  and  water. 

In  the  refractometer  method,  an  800-ml  sample  of  the  test  fuel  is  extracted  with  50  ml  of  water,  and  a 
portion  of  the  aqueous  layer  is  drained  off  into  the  refractometer  ceil.  The  refractometer  reading  obtained  on  this 
aqueous  solution  is  used,  with  a  calibration  curve,  to  determine  the  FSII.  content  of  the  original  fuel  sample  The 
calibration  curve  is  established  using  known  mixtures  of  FSII  and  water. 

Two  important  points  should  be  noted.  First,  both  methods  are  predicated  on  100‘S  extraction  of  the 
FSII  from  the  fuel  into  the  aqueous  phase,  since  the  standardization  (or  calibration)  is  based  on  FSII  water  blends  of 
known  concentrations.  Second,  the  extraction  volume  ratio  of  water  to  fuel  is  1/1  in  the  dtchmmate  method  but 
1/16  in  the  refractometer  method. 

*FTMS-791a  was  superseded  by  F TMS-79tb  in  Js  uary  1969  However,  the  two  method*  to  qu»*tton  remained  uml.enged  Current 
designations  in  FTMS-791b  are  Methods  5377.3  end  5 340  1 
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b.  Test  Materials 


All  tests  reported  herein  were  conducted  with  uninhibited  JP-S  (Ashland).  The  FSU  was  the  standard 
MIL-I-27686D  material,  consisting  of  99.6%  ethylene  glycol  monomethyl  ether  and  0.4%  glycerol. 

Normally,  FSU  is  specified  for  use  in  JF-4  fuel  but  not  in  JP-5.  However,  the  results  obtained  here  with 
JP-5  are  equally  applicable  to  JP-4  so  far  as  the  basic  comparison  of  the  two  methods  is  concerned.  Other  work 
reported  here,  dealing  with  relatively  minor  changes  in  technique,  is  strictly  applicable  to  JP-5  or  kerosine-type  fuels 
only.  When  applicability  to  JP4  is  doubtful,  this  is  so  indicated  in  the  test. 

c.  Initial  Calibration  Curve  for  Refractometer  Method 


Standard  solutions  of  FSU-water  were  prepared  in  accordance  with  Paragraph  4.1  of  Method  5340. 
These  solutions  are  supposedly  equivalent  to  FSU  concentrations  of  0.05,  0.10,  0.15,  and  0.20  vol  %  FS11  in  the 
hypothetical  fuel  from  which  the  FSII  would  have  been  extracted.  This  supposed  “equivalency”  is  purely  arithmetic 
and  is  based  on  the  assumption  that  all  of  the  FSII  originally  present  in  the  fuel  is  extracted  into  the  water  layer. 

Differential  refractometer  readings  obtained  on  these  FSII-water  solutions  were  as  follows: 


Refractometer  reading  at  indicated 
volume  %  FSU  in  fuel 


0.05 

0.57 

0.57 

0.61 

0.56 

0.54 


0.10 

1.17 

1.22 

1.25 

1.22 

1.23 


0.15 

1.86 

1.86 

1.83 

1.86 

1.88 


0.20 


2.52 

2.52 
2.54 

2.53 
2.51 


The  above  data  were  used  to  plot  curve  (b)  of  Figure  33.  Curve  (a)  is  the  calibration  curve  furnished  by 
the  instrument  manufacturer,  but  it  refers  to  a  cell  different  from  the  one  used  in  the  work  reported  here.  It  will  be 
noted  that  the  experimental  data  give  a  linear  plot  (b),  as  do  the  manufacturer’s  data  for  a  different  cell. 

d.  Calibration  Curve  Established  with  Standard  FSII-Fuel  Blends 

Six  800-mi  blends  were  prepared  with  FSII  contents  of  0  to  0.20%  in  JP-5  base  fuel.  Each  fuel  blend  was 
shaken  vigorously  in  a  separatory  funnel  with  50  ml  of  water  for  3  min.  then  allowed  to  settle  for  30  sec;  a  small 
amount  of  the  water  solution  was  then  drawn  off  and  placed  in  the  refractometer  cell.  This  is  the  standard  procedure 
for  Method  5340.*  Results  were  as  follows: 

Refractometer  reading  at  actual 
volume  %  FSU  in  fuel  as  shown 


0 

0.037 

0.075 

0.1125 

0.15 

0.20 

0.58 

0.69 

0,84 

1.57 

1.74 

2.51 

0.70 

042 

0.83 

1.29 

1.82 

2.63 

0.12 

0.41 

0.93 

1.25 

1.74 

0.04 


•  t  in-  to  sc,  settling  tunc  is  not  specified  in  Method  5340  but  is  specified  in  the  procedure  furnished  by  the  manufacturer  of  the 
rel'taiioineicr. 
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R*fr»ctoimt*r  dial  rtwding,  diviiora 

FIGURE  33.  FSI1  CONCENTRATION  IN  FUEL  VS 
REFRACTOMETER  READING 


Considerable  scatter  exists  in  the  above  dat3.  This  is  believed  to  be  the  result  of  horizontal  strata  or 
lace-like  lines  observed  in  the  refractometer  cell,  probably  caused  by  fuel-contaminated  samples.  In  the  extraction 
step,  after  30  sec  of  settling  in  the  separatory  funnel,  there  was  a  considerable  amount  of  lacy  emulsion  in  the  water 
layer  when  fuels  containing  up  to  0.10%  FSII  were  extracted;  quite  frequently,  as  much  as  1  min  ot  settling  time  was 
needed  to  get  a  distinct,  lace-free  interface.  Ar  higher  FSII  concentrations,  the  interface  developed  rapidly  enough  to 
permit  drawing  off  a  water  sample  free  of  fuel.  Even  with  a  fairly  clean  separation,  there  was  some  tendency  to 
entrain  traces  of  fuel  when  draining  the  aqueous  layer,  presumably  because  of  fuel  trapped  on  the  walls  of  the  funnel 
near  the  bottom. 

In  an  effort  to  alleviate  this  problem,  a  procedure  was  adopted  in  which  the  aqueous-layer  sample  was 
drawn  off  into  a  smaller,  separatory  funnel,  and  additional  time  was  allowed  for  separation  of  fuel  and  water.  The 
addition  of  a  polyethylene  needle  on  the  drain  tube  of  tne  smaller  funnel  permitted  draining  the  aqueous 
sample  directly  ir.to  the  refractometer  cell  without  any  possibility  of  contact  of  the  needle  with  fuel.  (In  the 
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standard  method,  a  sample  of  the  aqueous  layer  is  drawn  into  3  container,  and  a  portion  of  this  is  transferred 
by  syringe  to  the  cell.  In  this  procedure,  any  traces  of  fuel  in  the  water  sample  may  contaminate  the  needle  of  the 
syringe.) 

Using  the  revised  technique,  a  number  of  additional  tests  were  performed;  these  results,  plotted  to  give 
curve  (c)  in  Figure  33,  are  very  consistent  with  tittle  scatter.  Curve  (c)  is  seen  to  lie  above  the  calibration  curve  (b) 
that  had  been  established  by  the  standard  method  using  FSII-water  blends.  This  discrepancy  between  the  two  curves 
is  attributed  to  incomplete  extraction  of  FSII  from  fuel. 

If  the  standard-method  calibration  curve  (b)  is  used  in  tests  on  fuel  samples,  the  indicated  FSII  concen¬ 
tration  is  too  low  by  8  to  12%  of  the  true  value  obtained  from  curve  (c).  At  0.!0%  actual  FSII  content  from  curve 
(c),  the  value  read  from  the  standard  curve  (b)  is  0.09%,  i.e.,  low  by  10%  of  the  true  value. 

e.  Comparison  of  Modified  Refractometer  Mattsod  with  Dichromatc  Method 

Two  825-ml  blends  of  FSII  in  fuel  were  prepared,  0.10%  and  0.20%  by  volume.  Twenty-five  ml  of  each 
fuel  blend  was  pipetted  out  for  analysis  by  the  dichromate  titration  method,  and  the  remaining  800  ml  of  fuel  blend 
was  analyzed  by  the  modified  refractometer  method.  Results  of  these  determinations  are  as  follows: 


Actual  FSII  content, 
vo!  % 

indicated  FSII  content,  vol  % 

Refractometer 

method* 

Titration 

method 

_ 

0.10 

0.101 

— 

0.103 

0.20 

0.205 

0.226 

0.206 

0.217 

0.205t 

0.203t 

‘Based  on  curve  (c)  (water  extracts  from  fuel), 
fllsing  fresh  dichromate  solution. 


Both  methods  indicated  FSII  contents  that  agreed  closely  with  the  known  concentrations.  It  should  be 
noted  that  these  refractometer  results  are  based  on  the  use  of  curve  (c),  which  had  been  constructed  from  data  on 
fuei-FSIS  blends  rather  than  from  the  water-FSH  blends  specified  in  the  regular  FTMS  method.  The  results  suggest 
very  strongly  that  the  refractometer  method  should  incorporate  the  use  of  a  calibration  curve  based  on  fuel-FSII 
standards. 

f.  Discussion 

The  unduly  low  results  obtained  bv  the  standard  refractometer  method  (FTMS-791a  Method  5340)  are 
undoubtedly  caused  by  incomplete  extraction  of  the  FSII  from  the  fuel  in  the  single  extraction  that  is  used. 
Assuming  a  distribution  coefficient  of  200/1  for  the  FSII  between  the  v/a  ei  and  fuel  phases  using  300  ml  of  fuel 
and  50  ml  of  water.  7.4%  of  ,he  original  amount  of  FSII  will  remain  in  the  fuel  phase.  This  means  that  even  with 
very  vigorous  and  long-time  shaking  to  ensure  equilibrium,  the  maximum  degree  of  extraction  that  can  be  achieved  is 
only  92(7;  This  situation  does  not  exist  in  the  dichromaie  titration  method,  where  the  watet/fuel  ratio  in  the 
extraction  is  rnuc':  greater,  so  that  an  extraction  efficiency  of  99.5%  can  ne  achieved  at  equilibrium.  Therefore,  the 
standard  (FTMS)  refractometer  method  must  invariably  give  luwer  results  than  the  standard  (FTMS)  titration 
method  if  both  procedures  are  run  til  accordance  with  the  published  test  methods,  it  will  be  noted  that  the 
experimental  results  reported  here  are  in  good  agreement  with  theory.  The  actual  deviations  (8  to  12%  low)  are 
somewhat  greater  titan  the  7.4%  predicted  by  theory,  but  incomplete  equilibration  duiing  the  extraction  and  settling 
could  be  responsible  tor  the  slight  additional  error  in  the  standard  relraclometer  method.  To  obtain  correct  results 
by  the  rctr  ictometer  method,  it  would  be  necessary  to  do  one  of  the  following:  (a)  change  to  a  two-extraction 
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procedure,  (b)  establish  the  calibration  curve  on  the  basis  of  fuel-FSII  blends  rather  than  water-FSIl  blends,  as  was 
done  here,  or  (c)  apply  a  correction  factor  to  the  results.  The  use  of  a  correction  factor  would  be  undesirable 
because  it  would  necessarily  be  based  on  an  assumed  distribution  coefficient  that  might  be  in  considerable  error  for 
some  fuels. 

If  the  inherent  error  in  the  standard  FTMS  refractometer  method  (some  8  to  l 2%)  is  a  serious  drawback 
to  its  use  for  specification  and  quality  control  purposes,  then  the  method  should  be  changed  along  one  of  the  lines 
indicated  above.  Calibration  based  on  fuel-FSII  blends  ran  be  recommended  as  a  sound  solution  of  the  problem  on 
the  basis  of  the  present  experimental  work.  For  maximum  precision,  the  fuel  used  in  calibration  should  be  the  same 
as  the  fuel  being  analyzed.*  Any  other  solution  of  the  problem  would  require  further  experimental  work. 

The  inherent  error  in  the  standard  FTMS  refractometer  method  is  present  whether  JP4  or  JP-5  fuel  is 
being  analyzed,  since  these  two  fuels  are  quite  similar  in  FSII-fuel-water  distribution  coefficient.  Deviations  in 
distribution  coefficient  within  a  given  grade  (JIM  or  JP-5)  are  probably  greater  than  the  deviation  between 
“average”  JP4  and  “average”  JP-5.  Other  things  being  equal,  the  FSII  distribution  coefficient  (Cwl,er/Cfuel) 
should  decrease  with  increasing  content  of  aromatic  hydrocarbons. 

Thus,  it  is  a  near  certainty  that  the  situation  with  JP 4  will  be  analogous  to  that  with  JP-5,  in  that  the 
standard  FTMS  refractometer  method  will  give  results  that  are  significantly  lower  than  those  obtained  by  the 
standard  FTMS  dichromate-titration  method,  the  latter  being  much  closer  to  the  true  values. 

Some  modifications  in  extraction  technique,  such  as  those  described  previously,  are  necessary  for  use 
with  JP-5  fuel.  Such  modifications  may  or  may  not  be  necessary  for  use  with  JP4  fuel,  which  separates  from  water 
more  readily.  However,  JP4  with  corrosion  inhibitors  may  also  offer  problems  in  separation  of  the  aqueous  layer.  It 
is  suggested  that  the  FTMS  method  should  incorporate  specific  instructions  on  how  to  avoid  contamination  of  the 
drain  water  with  fuel.  For  example,  when  shaking  liquids  in  a  separatory  funnel,  it  is  normal  practice  to  vent  the 
funnel  periodically  by  opening  the  drain  while  the  funnel  is  in  an  inverted  position.  If  there  is  any  pressure  buildup, 
this  venting  will  force  fuel-water  mixture  into  the  drain  tube,  resulting  in  contamination  of  the  final  drain  water. 
Such  venting  is  obviously  undesirable,  and  the  procedure  should  describe  a  different  venting  technique.  The  use  of  a 
second  separatory  funnel  equipped  with  a  needle  on  the  drain  line  (as  described  in  this  report)  appears  to  be  a  very 
worth-while  modification. 

g.  Conclusions  and  Recommendations 

It  has  been  demonstrated  that  the  refractometer  method  for  FSII  content  (Method  5340)  gives  results 
some  10%  lower  than  the  true  values  wnen  used  on  JP-5  ft  cl  without  corrosion  inhibitor.  This  discrepancy  is  caused 
in  large  part  by  incomplete  extraction  of  the  FSII  from  the  fuel  regardless  of  shaking  time,  since  equilibrium  theory 
predicts  about  93%  extraction  as  the  maximum  possible.  It  is  a  virtual  certainty  that  the  same  consideration  will 
apply  to  JP4 

When  the  refractometer  calibration  curve  is  based  on  FSII-futl  standards  rattier  than  the  FSII-waie 
standards  specified  in  Method  5340,  the  results  give  good  checks  with  the  true  FSU  contents  and  with  the  results 
obtained  by  dichromate  titration  (method  5327.3). 


With  JP-5  fuel,  modifications  of  the  extraction  and  separation  technique  are  necessary  tc  ensure  fuel-free 
drain  water.  Such  modifications  may  be  necessary  and  are  certainly  desirable  for  JP4  fuel,  particularly  for  JP4 
containing  any  corrosion  inhibitor  that  interferes  with  fuel-water  separation. 


•It  is  recognized  that  such  calibration  would  be  difficult  in  many  cases,  when  the  corresponding  additive-tree  fuel  is  not  availi'u'c.  In 
such  cases,  calibrations  could  be  based  on  a  fuel  of  the  same  grade  (e.g„  1P4)  approx'i.iting  an  "average"  fuel  for  the  grade. 
Alternatively,  a  portion  of  the  test  fuel  itself  could  be  extracted  with  sufficient  vale-  to  remove  essentially  all  the  I  fill,  then 
reblended  with  FSII  to  mike  the  standard  blends.  This  method  would  be  precise  I  it  t:<ne-consuming. 
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For  analysis  of  JP-S  fuel  by  the  refractome'er  method,  it  is  recommended  that  all  of  the  modifications 
described  herein  should  be  adopted.  This  applies  to  any  fllter-*ep»raior  test  work  involving  JP-5  containing  FSH,  and 
to  any  analysis  of  kercsine-type  fuels  fc.r  FSH  content. 

For  analysis  of  JP4  fuel,  it  is  recommended  that  Method  5340  should  be  changed  so  that  the  calibration 
curve  is  feted  on  FSlI-fucI  standards  rather  than  on  FSH-water  standards. 

1.  Stao*  EtectrFf  cation 

V 

a.  General 

The  generation  of  static  charge  in  jet  turbine  fuels  flowing  at  high  velocity  presents  a  serious  hazard  in 
transporting  and  storing  fuel.  Charge  generation  rates  are  especially  high  in  fuel  passing  through  filter-separators 

Two  methods  of  minimizing  the  static  charge  hazard  are  as  follows: 

•  The  use  of  antistatic  additives  which  serve  to  increase  fuel  conductivity  and  hence  increase  the  rate 
of  static  charge  dissipation. 

•  The  incorporation  in  the  flow  system  of  a  device  which  bleeds  o  *"  the  static  charge  to  ground. 

in  the  static  electrification  program  reported  herein,  both  methods  were  evaluated.  A  total  of  16  tests 
were  run  on  the  following  fuel  blends: 

Uninhibited  JP-5 

JP-5  +0.2  ppm  ASA-3 

JP-5  +  1 .0  ppm  ASA-3 

JP-5  +  4  Ib/Mbbl  AFA-1 

JP-5  +  4  Ib/Mbbl  AFA-1  +  0.2  ppm  ASA-3 

JP-5  +  4  Ib/Mbbl  AFA-I  +  1.0  ppm  ASA-3 

Static  charge  generation  was  effected  by  passing  the  fuel  through  a  filter-separator.  After  leaving  the  filter-separator, 
the  fuel  passed  through  a  device  known  as  a  Static  Charge  Reducer.  Static  charge  density  was  measured  before  and 
after  the  Static  Charge  Reducer. 

b.  Apparatus  and  fr-'cedures 

The  major  components  of  the  Static  Charge  Reducer  test  setup  were  as  follows: 

« 

Static  Charge  Reducer,  A  O.  Smith,  Model  SCR-6-Jb 
Sensor  Housing,  A  O  Smitn,  Model  H-44 
Sen, or  Housing,  A  O.  Smith,  Model  H-4-10 
Sensor  Drive  Head,  S  0  Smith,  Model  SD-' 
electrometer,  A  0  Smith,  Model  fcbOOB 
Temperature  indicator.  Yellow  'springs  Instrument 
Strainer  Brodir.  Model  D-6,  size  f> 

Howmeier.  totalizing.  Brodie,  Type  B-820-8C 
Filter-separator.  Fran,  Model  FCS  !  259-1 2F2 
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The  static  electrification  tests  were  all  conducted  wing  the  apparatus  shown  schematically  in  Figure  34. 
Fuel  from  one  of  the  ISjOGOgal  underground  storage  tanks  wts  circulated  through  a  600-gpm  pumping  loop  and 
returned  to  the  tame  storage  tank.  Fud  from  the  loop  was  diverted  through  the  tatic  electrification  test  bypass, 
encountering  in  succession  a  bucket  strainer,  flowmeter,  filter-separator,  charge-density  senior  housing.  Static  Charge 
Reducer,  and  a  second  charge-density  sensor  housing. 


FIGURE  34.  DIAGRAM  OF  STATIC  CHARGE 
REDUCER  TEST  SETUP 

^he  effectiveness  of  the  Static  Charge  Reducer  (SCR)  was  determined  by  measuring  the  charge  deputy 
of  fud  entering  wd  leaving  the  SCR.  Charge  density  was  determined  by  measuring  the  current  flowing  from  a  sensor 
housing  through  the  sensor  drive  head  to  the  electrometer.  A  tingle  sensor  drive  head  was  used  in  these  tests  and  was 
moved  back  and  forth  between  the  two  sensor  housings  Current  measurements  were  converted  to  charge  density 
(microcoulambf/m1)  by  means  of  a  multiplication  factor  (7.7  X  iO* )  provided  by  the  manufacturer. 

In  preparation  for  these  tests,  the  fdter-ieparator  was  disassembled,  steam-cleaned,  and  assembled  with 
new  dements. 

The  sequent  of  procedures  used  in  the  tests  was  as  follows 

•  A  htel  blend  was  prepared  by  exacting  the  additive  imo  the  ti~cutoitnf  fuel  by  means  of  a  i/4-tn 
stainless  steel  Una  from  the  additive  metering  system  of  the  AI/SS  loop.  the  metering  system  is 
described  m  an  earlier  report  ,^)  The  addittve  was  greeted  si  a  rare  corresponding  to  thr  final 
use-concentration.  The  injection  point  was  in  the  fuel  fine  entering  the  filter -separator  After 
additive  injection  was  completed,  fuel  flow  was  continued  to  give  two  complete  turnovcu  of  ihe 
tank  contents. 

•  The  temperature  end  conductivity  of  the  fuel  in  the  storage  tank  were  measured 
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•  Fuel  flow  was  started,  and  the  desired  flow  rate  was  established  duri.ig  a  15-min  pre-test  period. 

•  Without  interrupting  fuel  flow,  a  30-min  test  was  performed.  During  the  nst  period,  the  fuel 
temperature,  fuel  charge  density  before  and  after  the  SCR,  and  pressures  before  and  after  the 
strainer  were  measured  at  10-min  intervals. 

•  The  temperature  and  conductivity  of  the  fuel  in  the  storage  tank  were  measured  again,  45  nin 
after  stopping  fuel  flow. 

The  first  eight  tests  were  run  using  15,300  gal  of  JP-5  (batch  24)  The  test  fuel  volume  includes  14,200 
gal  in  the  storage  tank  plus  an  esiimated  1,100  gal  of  fuel  holdup  in  the  sections  of  the  loop  below  the  storage  tank 
fuel  level.  After  completion  of  the  eight  tests,  the  fuel  was  scrapped,  and  the  storage  tank,6G0-gpm  loop, and  rtatjc 
electrification  bypass  were  flushed  with  two  5,000-gal  loads  of  uninhibited  JP-5.  Each  flush  load  was  circulated 
through  the  system  for  2  hr  at  60C  gpm. 

The  last  eight  tests  were  run  using  a  test  fuel  volume  of  1 1 ,500  gal  of  JP-5  fuei  (batch  25). 

Two  additives  were  used  in  these  tests:  Shell  anti-static  additive  ASA-3  at  0.2  and  1.0  ppm  (wt)  and 
duPont  corrosion  inhibitor  AFA-!  at  4  !b/Mbbl. 

c.  Test  Results 

Individual  test  results  are  given  in  Table  97.  Examination  of  the  table  reveals  that  both  the  flow  rate  and 
the  static  charge  density  measurements  remained  nearly  constant  during  each  30-min  ,est. 

Conductivity  of  the  fuel  in  the  storage  tank  was  measured  before  and  after  each  test.  These  measure¬ 
ments  differed  very  little;  therefore,  the  means  were  used  for  correlating  the  data.  A  plot  of  static  charge  of  fuel 
entering  the  SCR  (or  leaving  the  filter  separator)  vs  fuel  conductivity  (Figure  35)  shows  that,  for  tests  at  noninal 
flow  rates  of  300  and  600  gpm,  there  is  negative  linear  correlation  between  static  charge  and  fuel  conductivity. 
Regression  and  correlation  calculations  were  performed  with  the  following  results: 


Nominal  flow 

Correlation 

Probability  of  a 
larger  correlation 

rate,  gpm 

Regression  equation 

coefficient 

coefficient  by  chance,  % 

300 

y  =  -3.01x  +  270 

-0.82 

2-5 

600 

y  =  -3.82x  +  ^16 

-0.89 

0.1-1 

The  results  are  in  agreement  with  the  known  effects  of  fuel  conductivity  and  flow  rate  on  static  charge  generation. 
Charge  generation  decreases  with  increasing  fuel  conductivity  and  increases  with  flow.  Possibly  better  correlation  would 
have  been  obtained  if  the  flow  rate  could  have  been  set  more  precisely.  The  principal  problem  in  setting  flow  rate 
wac  the  flow  rate  measurement.  Flow  rate  was  determined  by  reading  the  flowmeter  at  10-min  intervals.  The  rapidly 
changing  numbers  on  the  meter,  especially  at  higher  flow  rates,  made  readings  difficult. 


It  should  be  emphasized  that  the  two  regression  lines  plotted  in  Figure  35  are  strictly  applicable 
only  to  the  particular  fuel  blends,  conditions,  and  equipment  used  in  these  tests.  The  behavior  of  similar 
blends  would  probably  be  characterized  by  different  regression  equations  even  under  identical  conditions. 
A!  so.  the  design  and  condition  of  filter-separator  elements,  the  free  water  and  solid  contaminant 
concentrations  in  the  fuel,  and  the  fuel  temperature  would  all  affect  static  charge  generation. 


Fuel  temperature  rise  ranged  from  0.7°  to  2.3°F  in  these  30-min  experiments,  and  there  was  no 
correlation  between  tempt. ature  rise  and  fuel  flow  rate. 
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Additives  in 
Test  JP-5  fuel 
no.  ASA-3, 1  AFA1," 

ppm  Ib/Mbbl 


Before 

test 


10(73) 


10(84)  15(86) 


30(81)  35(82) 


30(79)  25(78) 


45(80)  40(81) 


40(81)  (-) 


Blend 
age.  hr 

Test 

time, 

min 

0 

10 

20 

30 

3 

0 

10 

20 

30 

5 

0 

10 

20 

30 

2 

0 

10 

20 

30 

97 

0 

10 

20 

30 

2 

0 

10 

20 

30 

5 

0 

10 

20 

30 

Strainer 
outlet 

pressure,  Before  After 

psi  SCR  SCR 


-400 

-38 

^too 

-15  J 

-392 

-15 

-392 

-15 

-392 

—15 

-384 

-8 

-384 

-8 

-377 

-R 

-270 

0 

-262 

0 

-262 

-15 

-254 

-8 

-115 

0 

-108 

0 

-123 

0 

-115 

0 

-246 

C 

-239 

-15 

-239 

-8 

-239 

-8 

-100 

-8 

-100 

-8 

-100 

-8 

-100 

-R 

•Measured  by  mean?  of  Maihak  conductivity  meter. 
fMeasurcd  45  min  after  fuel  flow  was  stopped. 

t  Readings  may  be  too  high  due  to  faulty  battery  in  temperature  indicator. 
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The  basket  strainer  outlet  pres¬ 
sure  is,  for  all  practical  purposes,  the  same  as 
the  inlet  pressure  to  the  filter-separator.  This 
pressure  increased  with  flow  rate,  as  would 
be  expected.  Pressures  at  nominal  flow  rates 
of  30G  and  600  gpm  ranged  from  12  to  20 
psi  and  26  to  39  psi,  respectively. 

Examination  of  the  condensed 
test  results  (Table  98)  shows  clearly  that  the 
SCR  effectively  reduced  the  static  charge 
density  of  the  fuel  pafsing  through  it.  The 
greatest  reduction  in  static  charge  density 
occurred  in  two  tests  using  uninhibited  JP-5 
at  600-gpm  nominal  flow  rate.  In  these  two 
tests,  static  charge  density  was  reduced  from 
-492  and  -429  microcoulomb/m3  before 
the  SCR  to  +8  and  0  microcoulomb/m3 
after  the  SCR.  In  the  remainder  of  the  test', 
static  charge  density  in  the  fuel  entering  the 
SCR  was  lower,  apparently  because  of  lower 
flow  rates  and/cr  the  presence  of  ASA-3. 

For  all  fuel  blends  tested,  the  static  charge 

density  of  fuel  leaving  the  SCR  was  less  than  30  microcoulombs/m3  which  is  generally  considered  to  be  a 
“safe”  maximum,  below  which  there  is  slight  danger  of  ignition  due  to  sparking. 


FIGURE  35.  STATIC  CHARGE  OF  FUEL  ENTERING 
SCR  VS  CONDUCTIVITY 


TABLE  98.  EFFECT  OF  STATIC  CHARGE  REDUCER  ON  STATIC  CHARGE  DENSITY 

OF  VARIOUS  FUEL  BLENDS 


Additives  in 

Nominal  flow  rate  300  gpm 

Nominal  flow  rate  600  gpm 

JP-5  fuels 

TeU 

Avg  static  charge  density, 

Test 

Avg  static  Charge  density. 

ASA-3, 

AFA-1, 

fiC/m3 

FC/ m3 

ppm 

lb/Mbbl 

Before  SCR 

After  SCR 

Before  SCR 

After  SCR 

0 

0 

1 

-408 

0 

2 

-492 

+8 

10 

-266 

0 

9 

-429 

0 

0.2 

0 

4 

-99 

+7 

3 

-ISO 

-7 

1.0 

0 

6 

+  18 

+  15 

5 

-7 

+18 

0 

4 

— 

11 

-396 

-21 

12 

-384 

-10 

0.2 

4 

14 

-115 

0 

13 

-262 

-6 

1.0 

4 

8 

+  16 

+23 

7 

-123 

+19 

. - - -  - - - 

16 

-100 

-8 

15 

-241 

-8 

The  effect  of  ASA  3  concentration  on  static  charge  buildup  is  shown  in  Figures  36  and  37.  In  Figure  36, 
the  static  charge  density  of  the  fuel  just  hefore  entering  the  SCR  is  plotted  against  flow  rate  tor  JP-5  with 
and  without  ASA-3  additive.  The  level  of  static  charge  density  decreases  significantly  as  ASA-3  concentration 
increases  from  0  to  0  2  and  1.0  ppm  The  decrease  in  charge  density  does  not  appear  to  be  proportional  to 
ASA-3  concentration  over  the  concentration  used  in  these  tests  The  decrease  in  static  charge  density  effected 
by  the  first  0  2  ppm  of  ASA-3  is  more  than  twice  the  decrease  resulting  from  an  additional  0.8  ppm  ASA-3. 
Optimum  concentration  of  ASA-3  in  this  case  «  evidently  somewhat  under  1.0  ppm. 
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FIGURE  36.  STATIC  CHARGE  OF  FUEL  ENTERING  SCR  VS  FLOW 
RATE  FOR  JP-5  WITH  AND  WITHOUT  ASA-3 


FIGURE  37.  STATIC  CHARGE  OF  FUEL  ENTERING  SCR  VS  FLOW 
RATE  FOR  JP-5  +  4  LB/MBBL  AFA-1  WITH  AND  WITHOUT  ASA-3 

In  Figure  37,  similar  plots  of  static  charge  density  vs  flow  rate  are  shown  for  JP-5  fuel  +  4  ib/Mbbl 
AFA-1.  with  and  without  ASA-3.  Again,  successive  additions  of  ASA-3  result  in  appreciable  decreases  in  static 
charge  density.  However,  the  presence  of  4  Ib/Mbbl  AFA-1  appears  to  decrease  the  effectiveness  of  the  ASA-3  in 
reducing  charge  buildup.  In  this  case,  an  ASA-3  concentration  somewhat  greater  than  1.0  ppm  appears  to  be 
necessary  for  reduction  of  static  charge  density  to  within  the  0  to  30  microcoulomb/m3  range. 

The  repeatability  of  results  was  reasonably  good,  judging  by  the  limited  number  of  duplicate  test  results 
available.  So  far  as  the  "after  SCR”  charge  densities  are  concerned,  little  difference  existed  and  all  were  below  30 
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microcoulombs/m3 .  The  “before  SCR”  charge  densities,  reflecting  the  behavi  of  the  fuel-additive  combi natipns, 
showed  some  fairly  large  deviations  between  the  results  of  duplicate  tests: 


300  gpm  600  gpm 


First 

Second 

First 

Second 

test 

test 

test 

test 

No  additive 

-408* 

-266 

-452* 

-429 

AFA  4  lb 

... 

... 

-396 

-384 

AFA  4  lb,  ASA  1  ppm 

+  16* 

-100 

-123* 

-241 

♦Fuel  batch  24;  others  batch  25. 


In  the  tests  with  uninhibited  fuel,  the  TABLE  99.  CUMULATIVE  BLEND  AGES  OF  FUEL 


charge  densities  were  smaller  in  the  second  test  USED  IN  SCR  TESTS 

than  in  the  first  test,  but  of  the  same  sign  and 

same  order  of  magnitude.  The  difference  may  re-  ___  _ 


fleet  different  behavior  of  the  two  batches  of  fuel. 

Test 

Time  after  bringing  additive 
to  indicated  concentration,  hr 

In  the  tests  with  corrosion  inhibitor 

no. 

ASA-3 

AFA-1 

only,  two  successive  tests  on  the  same  fuel  blend 

0.2  ppm 

1 .0  ppm 

4  lb/Mbbl 

gave  very  close  agreement  of  charge  densities. 

Batch  24)uel 

In  the  tests  with  corrosion  inhibitor 

1 

— 

— 

and  antistatic  additive,  the  second  test  at  each 

2 

— 

— 

— 

flow  rate  gave  a  larger  charge  density  (in  ihe  nega¬ 
tive  direction)  than  did  the  first  test,  and  there  was 

3 

4 

24 

48 

— 

— 

one  reversal  of  sign  between  the  two  tests.  This 

5 

144 

24 

... 

difference  may  reflect  variations  in  the  blending 

6 

148 

28 

— 

schedule  and  the  age  of  the  blends  when  tested. 

7 

168 

48 

16 

Cumulative  ages  of  the  blends  are  listed  in  Table 

99.  In  the  first  series  (batch  24  fuel),  the  final 

8 

170 

50 

18 

blend  with  1  ppm  of  antistatic  additive  and  4 

Batch  25  fuel 

Ib/Mbbl  of  corrosion  inhibitor  had  been  up  to  full 

9 

... 

— 

— 

strength  in  antistatic  additive  for  48  to  50  hr  and 

10 

... 

— 

— 

had  "ontained  corrosion  inhibitor  for  16  to  18  hr; 

11 

... 

— 

3 

for  the  second  series  (batch  25  fuel),  the  respective 

12 

... 

— 

5 

ages  were  2  to  5  hr  and  166  to  169  hr. 

13 

2 

... 

>+8 

14 

97 

— 

143 

d.  Conclusions 

15 

120 

2 

166 

16 

123 

5 

169 

Based  on  the  test  results,  the  major 
conclusions  are  as  follows: 


•  The  Static  Charge  Reducer  effectively  reduced  the  static  charge  density  of  all  fuel  blends  tested, 
both  at  300-gpm  and  600-gpm  nominal  flow  rates. 

•  The  antistatic  additive  ASA-3  was  very  effective  in  minimizing  static  charge  buildup  in  uninhibited 
JP-5,  somewhat  less  effective  in  the  presence  of  AFA-1  corrosion  inhibitor. 


It  should  be  noted  that  all  of  the  evaluations  in  this  program  were  based  on  measurements  of  charge 
density  in  a  short  flow  line,  without  any  relaxation  chamber  or  receiving  tank  in  the  test  system.  Therefoie, 
the  program  did  not  provide  any  information  on  the  relative  performance  of  fuels  and  additives  in  systems 
including  such  components. 
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8.  Sol  Kit  Determination;  with  Silver  Membrane  Filter* 


During  the  development  of  analytical  techniques  for  the  determination  of  solid  content  in  both  fuel  and  water 
samples,  studies  were  made  of  the  applicability  of  silver  membrane  filters.  Earlier  data  had  indicated  that  the  0.8  j u 
membrane  filters  specified  for  solids  determinations  on  fuels  contain  significant  amounts  of  water-soluble  plasticizers 
and  are  highly  unsuitable  for  analysis  of  water  samples.  Silver  membrane  filters  of  equivalent  pore  size  (Selas 
Flowtronics  0.8  fi)  were  obtained  and  tested,  and  were  found  to  exhibit  superior  performance  in  filtering  water 
samples.  Early  in  this  program,  they  replaced  the  Millipore  membrane  filters  in  the  determination  of  injection-water 
solids  content. 

An  attempt  to  adapt  these  same  silver  filters  for  use  with  fuel  samples  produced  discouraging  results.  When  the 
silver  filters  were  tested  with  a  few  samples  of  fuel  known  to  contain  red  iron  oxide  (Fisher  1-116),  passage  of 
significant  amounts  of  the  contaminant  was  observed.  Although  no  quantitative  data  were  obtained,  the  amounts  of 
red  iron  oxide  passing  into  the  filtrate  were  obviously  greater  than  expected  with  the  standard  0.8  /i  filters,  and  were 
sufficient  to  eliminate  the  silver  fil'.er  from  further  consideration  in  fuel  analysis.  The  better  retention  of  the 
standard,  nonmetallic  membrane  filters  (with  the  same  nominal  pore  size)  is  suspected  to  be  a  function  of  static 
charge  buildup,  but  this  phenomenon  was  never  investigated  sufficiently  enough  to  produce  any  concrete  con¬ 
clusions. 

For  analysis  of  water  samples,  static  charge  buildup  cannot  be  a  factor  in  retention,  and  the  use  of  the  silver 
filters  is  justified. 


1 5-* 
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APPENDIX 

SINGLE-ELEMENT  TEST  DATA 


TABLE  100  .  SINGLE-ELEMENT  LOOP  TEST  NO.  243  Date:  14  Oct  68 

Loop  no.  3(A1/SS)  Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  465 
Canister:  DoD  type  1 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 
Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5.  72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to 
end  of  test. 

Test  fuel  JP-5  batch  no.  23  ,  fresh 

Date  blended  with  additives:  14  Oct  68 

vol  %,  Dow,  Lot  0226816 
lb/Mbbl,  Du  Pont  RP-2  -  ,  Lot  333 

Calculated  dirt  loading,  g  166 

Actual  element  weight  gain,  g  164 

End  Test 
1205 
2 
1 


T  irr.e 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 

Analyses  on  injection  water: 

T  tme 

Solids,  mg /liter 
pH 

ST,  dyn/cm 


‘re-Test 

48 

27.4 


Post-Test 
0.  1 
7.  3 
72.  3 


Anti  icing  additive  0.15 
Corrosior  inhibitor  20 

Test  duration,  min  44 
Fuel  throughput,  gal  894 
Average  rate,  gpm  20.  3 

Time 

Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 

Analyse*  on  influent  fuel: 


0  min 
311 
2 
1 


Procedure  no.  13-A 
Water:  Filtered  Tap  Water 
Solids:  Coarse  AC  Dust 


15* 


TABLE  100, 

SING 

LE -ELEMENT  LOOP  TEST  NO. 

243  (Cont'd) 

Time, 

AP, 

Totamitor 

Effluent, 

mg /liter 

Influent  fuel 

min 

2£*_ 

Infl 

Effl 

Solids 

Free  water 

teranerature.'F 

0 

1.6 

0 

0 

80 

5 

1.6 

0 

1 

0.27 

0-1 

80 

10 

1.9 

0 

1 

80 

15 

2.4 

0 

i- 

80 

20 

4.0 

0 

% 

A 

80 

25 

9.8 

0 

1 

80 

28 

20.0 

0 

1 

0.27 

5-6 

80 

.32 

31.2 

0 

45 

0. 13 

20+++ 

80 

33 

31.  5 

0 

42 

0.  12 

20+++ 

80 

38 

34.4 

0 

70 

20t++ 

80 

43 

36.  5 

0 

99 

20+++ 

80 

44 

-.0.  0 

0 

100+a 

0.23 

20+++ 

80 

a.  The  initial  time  of  the  peak  started  at  20  psi  +  20  3ec. 

The  peak  value  of  100+  lasted  from  20  psi  +  12  min  +  30  sec  to  the  end  of  test. 


Scheduler 

Minutes 

Water,  gpm 

Solids,  g/mi. 

0-28 

0.  002 

5.  72 

28-43 

0.2 

43-44 

0.2 

5.  72 

TABLE  101  .  SINGLE- ELEMENT  LOOP  TEST  NO.  244  Date:  15  Oct  68 

Loop  no.  3(A1/SS)  Housing:  8M  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  465 
Canister:  DoD  type  I 


Procedure  no.  13-A 

Fuel  flow,  gpm 

20 

Water:  Filtered  Tap  Water 

Fuel  inlet  temperature,  *F 

80 

Solids:  Coarse  AC  Dust 

Fuel  inlel  pressure 

,  psi 

70 

Water  injection  schedule: 

0.  002  gpm  from  0  min  to  20  psi, 

then 

0.  2  gpm  to  end  of  test. 

ScHds  injection  schedule: 

5.  72  g/min  from  0  min  to  20  pti, 

then 

discontinue  15  min,  then  5.72  g/min  to 

end  of  test. 

Test  fuel  JP-5 

batch  no.  23  ,  fresh 

Date  blended  with  additives: 

:  15  Oct  68 

Anti-icing  additive 

0. 15 

vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor 

20 

lb/Mbol,  Du  Pont  RP-2 

,  Lot 

333 

Test  duration,  min 

54 

Calculated  dirt  loading,  g 

263 

Fuel  throughput,  gal 

1085 

Actual  element  weight  gain, 

g  257 

Average  rate,  gpm 

20.1 

Time 

0  min 

End  Test 

Meter  reading,  gal 

298 

1383 

Screen  AP,  psi 

2 

2 

Cleanup  AP,  psi 

0 

0 

Analyses  on  influent  fuel: 
Time 

WSIM,  distilled  wate 
IFT,  distilled  water, 

Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


;r 


dyn/  cm 


Pre-Test 

36 

26.8 


Post-Test 
0.0 
7.  3 
72.2 


HSO 


TABLE  101.  SINGLE -ELEMENT  LOOP  TEST  NO.  244  (Cont'd) 


Time, 


Totamitor 
Infl  Effl 


EfQuent, 

Solids 


mg /liter 
Free  water 


Influent  fuel 


AEL--Fine  distribution;  irregular  pattern. 


Schedule: 


Minutes  Water,  gpm  Solids,  g/min 


ssssas 


paaaiuHiiMiaial 

RSBSRSSSSSBaMBSSSaiSBMSSSIBHSBSBBnnnSiSBMmSBSBSRn 
I  Shu  SbSSS  ■■■■■  ■■■■■■■■■■  niH  sssfisssass  imnniiiuiiuiu] 

BMHHiWBmfaMaBiiaBlBl 


isaaaaaaaaasasaas: 


wraaaasgagasaaaa; 


Easasaa 

■■"■Bui 

■  ■■■■■I 


IU!IHII  ■■■■■] 


1111 


Test  time,  minutes 


61 


TABLE  102  .  SINGLE -ELEMENT  LOOP  TEST  NO.  245  Date:  16  Oct  68 

Loop  no.  3(A1/SS)  Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  465 
C&ninter:  DoD  type  I 

Procedure  no.  13-A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  #  F  80 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  o.  002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  test. 


Sc-ids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 

discontinue  1  5  min,  then  5.72  g/min  to 
end  of  test. 


Test  fuel  JP-5 

batch 

no.  23  ,  fresh 

Date  blended  with  additives: 

16  Oct  68 

Anti-icing  additive 

0.15 

vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor 

20 

Ib/Mbbl,  Du  Pont  RP-2  ,  Lot 

333 

Test  miration,  min 

50 

Calculated  dirt  loading,  g 

200 

Fuel  throughput,  gal  975 

Actual  element  weight  gain, 

g  218 

Average  rate,  gpm 

19.  5 

Time  0  min 

Meter  reading,  gal  305 

Screen  AP,  psi  2 

Cleanup  AP,  psi  0 

Analyses  on  influent  fuel: 

Time 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 

Analyses  on  injection  water: 

Time 

Solids,  mg/liter 

pH 

ST,  dyn/cm 


Post-Test 
0.  0 
7.  3 
72.  3 


Pre-Test 

40 

27.0 


End  Test 
1280 
2 
0 
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TABLE  102.  SINGLE -ELEMENT  LOOP  TEST  NO.  245  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent. 

me /liter 

Influent  fuel 

min 

2Sl_ 

Infl 

Effl 

Solids 

Free  water 

temDerature.°F 

0 

1.5 

0 

0 

80 

5 

1.  5 

0 

0 

0.19 

4-5a 

80 

10 

1.5 

0 

0 

80 

15 

1.9 

0 

0 

80 

20 

2.4 

0 

0 

80 

25 

3.8 

0 

0 

80 

30 

11.6 

0 

0 

80 

33 

20.0 

0 

0 

0.21 

7-8 

80 

38 

31.2 

0 

1 

0.08 

16-17 

80 

43 

34.0 

0 

1 

18-19 

80 

48 

35.9 

0 

1 

16-17 

80 

50 

40.0 

0 

1 

0. 10 

11-12 

80 

H5 

a.  AEL--hard  tc  read;  fine  dispersion. 


Schedule: 

Minutes 

Water,  epm 

Solids,  g/ min 

0-33 

0.  002 

5.  72 

33-48 

0.2 

-- 

48-50 

0.2 

5.  72 

16  3 


TABLE  103  .  SINGLE- ELEMENT  LOOP  TEST  NO.  246  Date:  18  Oct  68 

Loop  no.  3  (Al/SS)  Housing:  8"  ID  Aluminum 

Element:  Filters  Lac,  I  42C8  Lot  465 
Canister:  DoD  type  1 


Procedure  no.  1  3- A 

Fuel  flow,  gpm 

20 

Water:  Filtered  Tap  Water 

Fuel  inlet  temperature,  *F 

80 

Solids:  Coarse  AC  Dust 

Fuel  inlet  pressure,  psi 

70 

Water  injection  schedule:  0.  002  gpm  from  0  min  to  20  psi,  then 

0,  2  gpm  to  end  of  test. 

Solids  injection  schedule:  5.72  g/min 

from  0  min  to  20  psi,  then 

discontinue 

15  min,  then  5.  72  g/min  to 

end  of  test. 

Test  fuel  JP-5 

batch  no.  23  , 

fresh 

Date  blended  with  additives:  18  Oct  68 

Anti-icing  additive 

0.15  vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor 

20  lb/Mbbl, 

Du  Pont  RP-2  ,  Lot 

333 

Test  duration,  min 

61 

Calculated  dirt  loading,  g 

269 

Fuel  throughput,  gal 

1232 

Actual  element  weight  gain. 

g  259 

Average  rate,  gpm 

20.2 

Time 

0  min 

End  Test 

Meter  reading,  gal 

299 

1531 

Screen  AP,  psi 

2 

2 

Cleanup  AP,  psi 

0 

0 

Analyses  on  influent  fuel: 

Time  Pre-Test 

WSIM,  distilled  water  41 

IFT,  distilled  water,  dyn/cm  27.4 

Analyses  on  injection  water: 

Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post-Test 
0.2 
7.4 
72. 1 
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TABLE  103.  SINGLE  'ELEMENT  LOOP  TEST  NO.  246  (Cont'd' 


Time, 

AP, 

Totamitor 

Effluent. 

mu /liter 

Influent  fuel 

min 

22L. 

inn 

Em 

Solids 

Free  water 

temperature.  *F 

0 

l.S 

0 

0 

80 

5 

?.o 

0 

0 

0.26 

2-3 

80 

10 

2.0 

0 

0 

80 

15 

2.0 

0 

0 

80 

20 

2.3 

0 

0 

80 

25 

2.7 

0 

0 

30 

30 

3.5 

0 

0 

80 

35 

5.0 

0 

0 

80 

40 

8.  5 

0 

0 

80 

45 

16.1 

0 

0 

80 

47 

20.0 

0 

0 

0.28 

7-8 

80 

52 

31.  3 

0 

1 

0. 15 

18-19 

80 

57 

35.2 

0 

1 

16-17 

80 

61 

40.0 

0 

0 

0.06 

17-18 

80 

Schedule: 

Minutes 

Water,  gpm 

Solids,  fl/min 

0-47 

0.  002 

5.72 

47-61 

0.2 

_  . 
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TABLE  104  .  SINGLE- ELEMENT  LOOP  TEST  NO.  24?  Date:  21  Oct  68 


Loop  no.  3(A1/SS) 


Procedure  no.  13-A 
Water:  Filtered  Tap  Water 
Solids:  Coarse  AC  Dust 


Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  465 
Canister:  DoD  type  1 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 
Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.  002  gpm  from  0  min  to  20  psi,  then 

0.  2  gpm  to  end  of  test. 

Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  pai,  then 

discontinue  15  min,  then  5.  72  g/min  to 
end  of  test. 

Test  fuel  JP-5  batch  no.  23  ,  fresh,  clay  treated 

Date  blended  with  additives:  21  Oct  68 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor  20  lb/Mbbl,  Du  Pont  RP-2  ,  Lot  333 


Test  duration,  min  49 
Fuel  throughput,  gal  978 
Average  rate,  gpm  20.  0 


Calculated  dirt  loading,  g  194 

Actual  element  weight  gain,  g  193 


Time 


0  min 


Meter  reading,  gal  305 

Screen  AP,  psi  2 

Cleanup  AP,  psi  0 

Analyses  on  influent  fuel: 

Time 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


End  Test 
1283 
2 
0 


Pre-Test 

57 

26.9 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post-Test 
0,2 
7.  6 
72.0 


TABLE  104. 

SINGLE -ELEMENT  LOOP  TEST  NO. 

247  (Cont'd) 

Time, 

AP, 

Totamitor 

Effluent, 

ms/liter 

Influent 

min 

£lL. 

Infl 

Effl 

Solids 

Free  water 

temoerati 

0 

1.7 

0 

0 

80 

5 

2.0 

0 

0 

0.19 

1-2 

80 

10 

2.  0 

0 

0 

80 

15 

2.4 

0 

0 

80 

20 

3.0 

0 

0 

80 

25 

4.9 

0 

0 

80 

30 

11.  5 

0 

0 

80 

33 

20.0 

0 

0 

0. 12 

4-5 

80 

38 

30.0 

0 

0 

0.06 

11-12 

80 

43 

32.  5 

0 

0 

12-13 

80 

48 

34.4 

0 

0 

18-19 

80 

49 

40.0 

0 

0 

0.08 

18-19 

80 

Schedule: 

Minutes 

Water,  jjpm 

Solids,  g/min 

0-33 

0.002 

5.  72 

33-48 

0.2 

-  - 

48-49 

0.2 

5.  72 
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TABLE  105.  SINGLE-ELEMENT  LOOP  TEST  NO.  248  Date:  14  Nov  68 


Loop  no.  3'A1/SS) 


Proce^re  no.  13-A 
Water:  Filtered  Tap  Water 
Solids:  Coarse  AC  Dust 


Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lol  465 
Canister:  DoD  type  1 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 
Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 

0,2  gpm  to  end  of  test. 


Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to 
end  of  test. 

Test  fuel  JP-5  batch  no.  23  ,  fresh,  clay  treated 


Date  blended  with  additives: 

14  Nov  68 

Anti-icing  additive 

0.15 

vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor 

20 

lb/Mbbl, 

Tolad  244  ,  Lot 

47-12 

Test  duration,  min 

26 

Calculated  dirt  loading,  g 

137 

Fuel  throughput,  gal 

522 

Actual  element  weight  gain, 

g  126 

Average  rate,  gpm 

20.9 

Time 

0  min 

End  Test 

Meter  reading,  gal 

309 

831 

Screen  AP,  psi 

2 

2 

Cleanup  AP,  psi 

1 

1 

Analyses  on  influent  fuel: 

Time  Post  Clay  Filter 

WSIM,  distilled  water  100 

IFT,  distilled  water,  dyn/cm  45.1 


Pre-Test 

32 

27.9 


Post-Test 

37 

27.  5 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 

pH 

ST,  dyn/cm 


Post-Test 
0. 10 
7.4 
72.2 


TABLE  105.  SINGLE -ELEMENT  LOOP  TEST  NO.  248  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent,  me /liter 

Influent  fuel 

min 

P«1 

Infl 

Effl 

Solid*  Free  water 

temperature.* 

0 

2.  5 

0 

0 

80 

5 

2.  5 

0 

0 

0.04  1-2 

80 

15 

3.  3 

0 

0 

80 

20 

10.  C 

C 

0 

81 

23 

20.0 

C 

0 

0.16  1-2 

81 

25 

40.0 

0 

0 

0.16  19-20 

81 

Schedule: 

Minute  s 

Water,  gpm 

Solids,  g/min 

0-23 

0.002 

5.  72 

23-25 

0.2 

-  • 
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TABLE  106.  SINGLE -ELEMENT  LOOP  TEST  NO.  249  Date:  18  Nov  68 


Loop  no.  3(A1/SS) 


Procedure  no.  13- A 
Water:  Filtered  Tap  Water 
Solids:  Coarse  AC  Dust 


Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  465 
Canister:  Dod  type  1 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  °F  80 
Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 

0.  2  gpm  to  end  of  test. 


Solids  injection  schedule:  5.  72  g/min  form  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to 
end  of  test. 

Test  fuel  JP-5  batch  no.  23  ,  reused,  clay  treated 

Date  blended  with  additives:  18  Nov  68 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor  20  lb/Mbbl,  Tolad  244  ,  Lot  47-12 


Test  duration,  min  28 
Fuel  throughput,  gal  568 
Average  rate,  gpm  20.  3 


Calculated  dirt  loading,  g  132 

Actual  element  weight  gain,  g  126 


Time 

0  min 

End-Test 

Meter  reading,  gal 

309 

877 

Screen  AP,  psi 

2 

2 

Cleanup  AP,  psi 

1 

1 

Analyses  on  influent  fuel: 

Time 

Post  Clay  Filter  Pre-Test 

Post-Test 

WSIM,  distilled  water 

97  41 

32 

IFT,  distilled  water, 

dyn/cm  44.  0  28.  8 

28.  0 

Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post-Test 
0.  30 
7.6 
71. 8 
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TABLE  106.  SINGLE -ELEMENT  LOOP  TEST  NO.  249  (Cont'd) 


Time,  AP,  ToUmitor 

min  psi  Infl  Effl 


Effluent,  /liter  Influent  fuel 

Solids  Free  water  temperature.  *F 


0 

5 

10 

15 

20 

23 

24 

25 

26 
28 
29 


3.2 

3.7 

4.1 

4.9 

10.2 

20.0 

25.2 
29.6 

33.2 
40.0 
45.0 


0.15  3-4 


0.12  20 


0.  30  2.0+ 


80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 


Schedule: 


Minutes  Water,  gpm  Solids,  g/ min 

0-23  0.002  5.72 

23-28  0.2 


0  20  40  60  80  100  120 


Test  time,  minutes 


TABLE  107.  SINGLE-ELEMENT  LOOP  TEST  NO.  2:0  Date:  20  Nov  68 


Loop  no.  3(A!/SS) 


Procedure  no.  13-A 
Water:  Filtered  Tap  Wrter 
Solids:  Coarse  AC  Dust 


Rousing:  8"  ID  Aluminum 

Element:  Filters  Inc,  14208  Lot  465 
Canister*  DoD  type  1 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 
Fuel  inlet  pressure,  rni  70 


Water  injection  schedule:  0.002  gprr.  from  0  min  to  20  psi,  then 

0.  2  to  end  of  test. 

Sc<ids  injection  schedule:  5.  72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to 
end  of  test. 

Test  fuel  JP-5  batch  no.  2  3  ,  reused,  clay  treated 

Date  blended  with  additives:  20  Nov  68 

Anti-icing  additive  C  15  vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor  20  lb/Mbbl,  Lubrizol  541  ,  Lot  24794 


Test  durat4on,  min 

25 

Fuel  throughput,  gal 

506 

Average  rate,  gpm 

2C.0 

Time 

0  min 

Meter  reading,  gal 

31  7 

Screen  AP,  psi 

4 

Cleanup  A.P,  pji 

0 

Calculated  dirt  loading,  g  137 

Actual  element  weight  gain,  g  118 


End  Test 
323 
4 
1 


Analyses  on  influent  fuel: 

Po«.t  Clay  Filter 

WSIM,  distilled  ?r  97 

IFT,  distilled  water,  ~yn/cm  44.2 


Pre-Test 

58 

28.9 


Post-Test 

60 

29.  3 


Analyses  on  injection  water: 

Time  '  Post-Test 

Solids,  mg/liter  ® 

pH 

ST,  dyn/cm  73-  3 
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TABLE  '07.  SINGLE -ELEMENT  LOOP  TEST  NO.  250  (Cont’d) 


Time, 

AP, 

totamitor 

Effluent. 

ms  Alter 

Influent  fuel 

min 

SSL. 

Litl_ 

Effl 

*'  Solid* 

Free  water 

temperature.  '¥ 

0 

2.4 

G 

0 

80 

5 

2.4 

0 

2 

0.  50 

1-2* 

80 

10 

2.6 

0 

2 

80 

15 

3.4 

0 

2 

80 

20 

8.3 

0 

1 

80 

23 

20 

0 

14 

0.63 

8-9  - 

80 

25 

40 

0 

0.64 

204-++ 

80 

27 

50 

0 

80 

- 

a.  Air  bubbles  were  present  in  the  sample.  The  water  was  finely  dispersed 
on  the  AEL  pad. 


Schedule: 


Minutes  lister,  gpm  Solids,  g/min 

0-23  0.002  5.72 

23-25  0.2 


Tef^time,  minutes 


’.73 


TABLE  108  .  SINGLE- ELEMENT  LOOP  TEST  NO.  251  Date:  21  Nov  68 

Loop  no.  „  3(A1/SS)  Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  465 
Canister:  DoD  type  1 

Procedure  no.  13-A 
Water:  Filtered'Tap  Water 
Solids:  Coarse  AC  Dust 

-  Water  injection  schedule:  0.  002  gpm  from  0  min  to  20  psi,  then 

.0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5.  72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to 
end  of  test. 

Test  fuel  JP-5  batch  no.  23  ,  reused,  clay  treated 

Date  blended  with  additives:  21  Nov  68 
Ant'. -icing  additive  "0.15  vOi  %,  Dow,  Lot  0226816 
Corrosion  inhibitor  20  ib/Mbbl,  Lubrizol  541  ,  Lot  24794 

Test  duration,  min  33  Calculated  dirt  loading.,  g  183 

Fuel  throughput,  gal  660  Actual  element  weight  gain,  g  173 

Average  rate,  gpm  20.  0 

Time  0  min 

Meter  reading,  gal  300 

Screen  AP,  psi  4 

Cleanup  AP,  psi  1 


End  Test 
960 
4 
1 


Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 
Fuel  inlet  pressure,  psi  70 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test 

WSIM,  distilled  water  98  47 

IFT,  distilled  water,  dyn/cm  39.  8  28.3 


Post-Test 

58 

27.6 


Analyses  on  injection  watei: 
Time 

Solids,  mg/liter 

pH 

ST,  dyn/cm 


Po  •st-Test 
0,  0 

72.9 
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TABLE  108.  SINGLE-ELEMENT  LOOP  TEST  NO.  ZSi  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent. 

rna /liter 

Influent  fuel 

min 

EiL. 

Iafl 

Effl 

Solids 

Free  water 

temoerature/F 

0 

2.4 

0 

0 

80 

5 

2.  5 

0 

3 

0.78 

2-3 

80 

10 

2.6 

0 

2 

80 

15 

3.  3 

0 

2 

80 

20 

4.  5 

0 

2 

80 

25 

7.1 

0 

1 

80 

30 

14.8 

0 

1 

80 

32 

20.0 

0 

1 

1.46 

13-14 

80 

33 

40.0 

0 

29 

0.73 

20+++ 

80 

35 

49.2 

0 

85 

80 

38 

44.  5 

0 

5 

80 

Schedule; 

Minutes 

Water,  gpm 

Solids,  g/min 

0-32 

0.002 

5.  72 

32-33 

0.2 
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TABLE 


109  .  SINGLE- ELEMENT  LOOP  TEST  NO.  252  Date:  25  Nov  68 


Loop  no.  3{A1/SS) 


Procedure  no.  13-A 
Water:  Filtered  Tap  Water 
Solids:  Coarse  AC  Dust 


Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  465 
Canister:  DoD  type  1 


Fuel  flow,  gpm 

Fuel  inlet  temperature,  *F 

Fuel  inlet  pressure,  psi 


20 

80 

70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 

0. 2  gpm  to  end  of  test. 

Solids  injection  schedule:  5.  72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.  72  g/min  to 
end  of  test. 

Test  fuel  JP-5 


Corrosion  inhibitor 
Test  duration,  min 


Time 

Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 

Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test  Post-Test 

WSIM,  distilled  water  98  51  61 

IFT,  distilled  water,  dyn/cm  41.8  30.4  30.6 


batch 

litives: 

no.  23  ,  reused,  clay  treated 

0.  15 

vol  %,  Dow,  Lot  0226816 

20 

lb/Mbbl,  Lubrizol  541  ,  Lot 

24794 

35 

Calculated  dirt  loading,  g 

183 

690 

20.  3 

Actual  element  weight  gain, 

g  182 

0  min 

End  Test 

300 

990 

4 

4 

1 

1 

Analyses  on  injection  water: 
T  ime 

Solids,  mg/liter 
PH 

ST,  dyn/cm 


Post-Test 
2.4 
7.  7 
73.  7 
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TABLE  109.  SINGLE -ELEMENT  LOOP  TEST  NO.  252  (Cont'd) 


Time, 

AP, 

Totemitor 

Effluent, 

ms /liter 

Influent  fuel 

min 

esJL 

lnfl 

Effl 

Solids 

Free  water 

temnerature.’F 

0 

1.9 

0 

0 

80 

5 

2.0 

0 

2* 

0.  53 

2-3 

80 

10 

2.1 

0 

2 

80 

15 

2,5 

0 

2 

80 

20 

3.4 

0 

2 

80 

25 

5.6 

0 

2 

80 

30 

13.7 

0 

2 

80 

32 

20.0 

0 

2 

1.41 

10-11 

80 

34 

40.0 

0 

56 

1.68 

20+++ 

80 

35 

45.  5 

0 

100+ 

80 

a.  The  AP  read  2  from  5  min  to  20  psi.  The  initial  time  of  the  peak  started 
at  20  psi  +  1  min  and  30  sec  or  40  psi.  At  20  psi  +  3  min  a  peak  of  100t 
was  reached. 


Schedule: 


Minutes  Water,  gpm 


Solids,  g/min 


0-32  0.002  5.72 

32-35  0.2 


0  20  40  60  80  100  12C 

Test  time,  minutes 


TABLE  110.  SINGLE-ELEMENT  LOOP  TEST  NO.  253  Date:  26  Nov  68 


Loop  no.  3(A1/5S)  Housing:  8"  ID  Aluminum 

Element:  Filteis  Inc,  I  4208  Lot  465 
Canister:  DoD  type  1 

Procedure  no.  1 3-A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  80 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  0.  002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5.  72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.7?.  g/min  to 
end  of  test. 

Test  fuel  JP-5  batch  no.  23  ,  reused,  clay  treated 

Date  blended  with  additives:  26  Nov  68 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor  20  ib/Mbbl,  Unieor-M  » Lot  002C 

Test  duration,  min  27  Calculated  dirt  loading,  g  143 

Fuel  throughput,  gal  541  Actual  element  weight  gain,  g  1 50 

Average  rate,  gpm  20.  0 

Time  0  min 

Meter  reading,  gal  300 
Screen  AP,  psi  4 

Cleanup  AP,  psi  1 

Analyses  on  influent  fuel: 

Time  F-dt  Clay  Filter  Pre-Test  Post-Test 

WSIM,  distilled  water  95  33  34 

IFT,  distilled  water,  dyn/cm  39.8  26.8  26.3 


End  Test 
841 
4 
1 


Analyses  on  injection  water: 
Time 

Sol'ds,  mg/iiter 
pH 

ST,  dyn/cm 


Post-Test 
0.2 
7.  3 
C7.  6 
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TABLE  110.  SINGLE -ELEMENT  LOOP  TEST  NO.  253  (Cont'd) 


Time,  AP,  Totamitor 

min  p»i  Infl  Effl 


Effluent,  mg /liter 
Solid*  Free  water 


Influent  fuel 


0 

2.1 

0 

0 

5 

2.4 

0 

0 

0.09 

0-1 

10 

2.4 

0 

0 

15 

3.1 

0 

0 

20 

5.7 

0 

0 

25 

20.0 

0 

0 

0.11 

2-3 

27 

40.0 

0 

la 

0. 14 

8-9 

28 

44.0 

0 

1 

29 

41.5 

0 

0 

31 

38.  5 

0 

1 

80 

80 

80 

80 

80 

80 

80 

80 

30 

80 


a.  The  initial  time  of  the  peak  started  at  20  psi  +  30  sec.  The  peak  value 
occurred  at  20  psi  +  2  min  and  10  sec. 


Schedule:  Minutes 

0-25 

25-27 


0  20  40  60  80  100  120 


Te*t  time,  minute* 


1 1 . 


TABLE 


111.  SINGLE- ELEMENT  LOOP  TEST  NO.  254  Date:  27  Nov  68 


Loop  no.  3(A1/SS) 


Procedure  no.  13-A 
Water:  Filtered  Tap  Water 
Solids:  Coarse  AC  Dust 


Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  465 
Canister:  DoD  type  1 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 
Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  test. 


ScMds  injection  schedule:  5.  72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to 
end  of  test. 

Test  fuel  JP-5  batch  no.  23  ,  reused,  clay  treated 

Date  blended  with  additives:  27  Nov  68 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor  20  lb/Mbbl,  Unicor-M  ,  Lot  0020 


Test  duration,  min  58 
Fuel  throughput,  gal  1157 
Average  rate,  gpm  19.9 


Calculated  dirt  loading,  g  246 
Actual  element  weight  gain,  g  250 


Time  0  min  End  Test 

Meter  reading,  gal  300  1457 

Screen  AP,  psi  4  4 

Cleanup  AP,  psi  0  1 


Analytes  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test 

WSIM,  distilled  water  97  35 

IFT,  distilled  water,  dyn/cm  38.  0  21.1 


Post-Test 

32 

27.  3 


Analyses  on  injection  water: 
T  ime 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post  -Test 
0.4 
7.  1 
71.1 


tao 


TAB  IE  111. 

SINGLE -ELEMENT  LOOP  TEST  NO. 

254  (Cont'd) 

Time, 

AP, 

Totamitor 

Effluent, 

mg/liter 

Influent 

min 

SSL. 

■fan 

Effl 

Solids 

Free  water 

temper  a  ti 

0 

2.1 

0 

0 

80 

5 

2.3 

0 

0 

0.06 

0-1 

80 

10 

2.4 

0 

0 

80 

15 

2.6 

0 

0 

80 

20 

3.2 

0 

0 

80 

25 

5.2 

0 

0 

80 

30 

7.  5 

0 

0 

80 

35 

10.8 

0 

0 

80 

4' 

16.0 

0 

0 

80 

4? 

20.0 

0 

0 

0.23 

6-7 

SO 

47 

32.  5 

0 

59a 

0.44 

20+++ 

80 

52 

34.2 

0 

72 

20+++ 

80 

57 

36.2 

c 

73 

20+++ 

80 

58 

40.0 

0 

68 

0.43 

20+++ 

80 

59 

45.  5 

0 

68 

80 

61 

35.0 

0 

68 

80 

a.  The  initial  time  of  the  peak  started  at  20  psi  +  15  sec  and  a  peak  of 
85  was  reached  at  20  psi  +  15  min. 


Schedule: 


Minutes  Water,  gpm  Solids,  g/min 

0-42  0.002  5.72 

42-58  0.2 


Test  time,  minutes 


TABLE  112.  SINGLE- ELEMENT  LOOP  TEST  NO.  255  Date:  2  Dec  68 


Loop  no.  3( Al/SS) 


Procedure  no.  1  3-A 
Water:  Filtered  Tap  Water 
Solids:  Coarse  AC  Dust 


Housing:  8”  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  465 
Canister:  DoD  type  1 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  "F  80 
Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.  002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  test. 


ScHds  injection  schedule:  5.  72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to 
end  of  test. 

Test  fuel  JP-5  batch  no.  23  ,  reused,  clay  treated 

Date  blended  with  additives:  2  Dec  68 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor  20  lb/Mbbl,  Unicor  M  ,  Lot  0020 


Test  duration,  min  27 
Fuel  throughput,  gal  541 
Average  rate,  gpm  20.0 


Calculated  dirt  loading,  g  152 

Actual  element  weight  gain,  g  129 


Time  0  min  End  Test 

Meter  reading,  gal  300  841 

Screen  AP,  psi  4  4 

Cleanup  AP,  psi  1  1 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter 

WSIM,  distilled  water  97 

1FT,  distilled  water,  dyn/cm  39.6 


Pre-Test 

36 

23.2 


Post-Test 

41 


Analyses  on  injection  water: 
T  ime 

Solid*,  mg/liter 

;•  l  1 

ST,  dyn/cm 


Post- Test 
0.  0 
7.  6 
71,  1 


I*.’ 


TABLE  112.  SINGLE-ELEMENT  LOOP  TEST  NO.  255  (Cont'd) 


TABLE  113  .  SINGLE-ELEMENT  LOOP  TEST  NO.  256  Date:  6  Dec  68 

Loop  no.  3(A1/SS)  Houaing:  8"  ID  Aluminum 

Element:  Filter*!  Inc,  14208  Lot  465 
Canister:  DoD  type  1 

Procedure  no,  8901 -B  (inhib  fuel  teat)  Fuel  flow,  gpm  40 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  * F  80 

Solida:  Coarae  AC  Duet  Fuel  inlet  preaaure.  pai  100 

Watet  injection  schedule:  0,  4  gpm  water  from  0  min  to  end  of  teat. 


Solids  injection  schedule:  0  g/min  coarse  AC  Dust  from  0  to  60  min, 

then  2.  86  g/min  to  end  of  test. 


Teat  fuel  JP-5  batch  no.  23  ,  fresh,  clay  treated 

Date  blended  with  additives: 

Anti -icing  additive  0.15  vol  %,  Dow,  Lot  0226816 

Corrosion,  inhibitor  16  lb/Mbbl,  Santolene  C 


,  Lot  NH  4-006 


Test  duration,  min  96  Calculated  dirt  loading,  g  103 

Fuel  throughput,  gal  3839  Actual  element  weight  gain,  g  112 

Average  rate,  gpm  40.0 


Time  0 

Meter  reading,  gal  0 

Screen  AP,  psi  8 

Cleanup  AP,  pai  1 


End  Test 
38.  39 
8 
l 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter 

WSIM,  distilled  water  100 

IFT,  distilled  water,  dyn/cm  41.2 


0  Min  Post- Test 
87  96 

36.1  38.7 

33.9 


Analyses  on  injection  water: 
Time 

Solids,  mg /liter 

PH 

ST,  dyn/cm 


Post-Test 
Neg 
7.  4 
71.5 


184 


AP,  psi 


TABLE  113.  SINGLE -ELEMENT  LOOP  TEST  NO.  £56  (Cont'd) 


Time, 

AP, 

Totamifor 

Effluent 

m«/litcr 

Influent  fu< 

min 

pel 

Infl 

Em 

Solid* 

Free  water 

temperature 

Peak  25  at  63  min 

0 

0 

0 

0 

80 

5 

8.  5 

0 

4 

0.  10 

2-3 

80 

10 

9.4 

0 

4 

0.04 

4-5 

80 

15 

9.8 

0 

4 

80 

20 

10.  5 

0 

4 

Neg 

3-4 

80 

25 

10.9 

0 

4 

80 

30 

11.6 

0 

5 

Neg 

8-9 

80 

35 

12.4 

0 

7 

80 

40 

J2.9 

0 

10 

0.  11 

17-18 

80 

45 

13.  3 

0 

11 

80 

50 

13.9 

0 

15 

0.  10 

20+ 

80 

55 

14.  3 

0 

16 

80 

60 

15.0 

0 

23 

0.  14 

20+ 

8C 

65 

13.  8 

0 

7 

84 

70 

14.  5 

0 

6 

Neg 

11-12 

80 

75 

15.  3 

0 

5 

80 

80 

17.  5 

0 

5 

Neg 

12-13 

80 

85 

20.6 

0 

8 

80 

90 

27.  5 

0 

8 

Neg 

16-17 

80 

95 

37.  5 

0 

14 

80 

96 

40.0 

0 

15 

Neg 

20+ 

80 

Schedule 

: 

Minute  a 

Water, 

gpm  Solids,  & 

/min 

0-60  ,4 

60-96  .4  2.86 


185 


TABLE  114.  SINGLE-ELEMENT  LOOP  TEST  MO.  257  Date:  19  Dec  t>8 

Loop  no.  3(A1/SS)  Housing;  8"  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  465 
Canister:  DoD  type  1 

Procedure  no.  8901- B  (inhib  fuel  test)  Fuel  flow,  gpm  30 

Water;  Filtered  Tap  Water  Fuel  inlet  temperature  *F  80 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi  100 

Water  injection  schedule:  0.  3  gpm  water  from  0  min  to  end  of  test. 


Solids  injection  schedule.  0  g/min  coarse  AC  Dust  from  0  to  60  min,  then 

2.  86  g/min  to  end  of  test. 


Teat  fuel  JP-5 

batch  no.  23 

fresh,  clay  treated 

Date  blended  with  additives: 

Anti-icing  additive 

0.15  vol  %, 

Dow,  Lot  0226816 

Corrosion  inhibitor 

16  lb/Mbbl 

t  Santolene  C 

,  Lot  NH  04-  006 

Test  duration,  min 

134 

Calculated  dirt  loading,  g  212 

Fuel  throughput,  gal 

4005 

Actual  element  weight  gain,  g  216 

Average  rate,  gpm 

29.9 

Time 

0  min 

End  Test 

Meter  reading,  gal 

0 

4005 

Screen  AP,,  psi 

4 

4 

Cleanup  AP,  psi 

0 

1 

Analyses  on  influent  fuel: 

Time 

Post 

Clay  Filter  0  Min 

Post-Test 

WSIM,  distilled  water 

99  77 

97 

IFT,  distilled  water,  dyn/cm 

45.8  40.9 

44.  3 

IFT,  injection  H2O,  dyn/cm 

42.8  22.8 

28.2 

Analyses  on  injection 

water: 

T  ime 

Post-  Test 

Solids,  mg/liter 

0 

PH 

7.  6 

ST,  dyn/cm 

70.  C 

186 


TABLE  114.  SINGLE  ELEMENT  LOOP  TEST  NO.  257  (Cont’d) 


TABLE  115  .  SINGLE- ELEMENT  LOOP  TEST  NO.  258A  Date:  26  Dec  68 


Loop  no.  3(A1/SS)  Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  465 
Canister:  DoD  type  1 

Procedure  no.  8901  B  {media  migration)  Fuel  flow,  gpm  6  to  34.  5 

Water:  ----  Fuel  inlet  temperature,  *F  80 

Solids:  ----  Fuel  inlet  pressure,  psi  10  to  70 

Water  injection  schedule:  No  water  injected. 

ScKds  injection  schedule:  No  solids  injected. 


Test  fuel  JP-5  batch  no.  23  ,  fresh 

Date  blended  with  additives:  ---- 

Anti-icing  additive  - -  vol  %,  Dow,  Lot - 

Corrosion  inhibitor  -  lb/Mbbl,  -  ,  Lot 

Test  duration,  min  60  Calculated  dirt  loading,  g 

Fuel  throughput,  gal  1259  Actual  element  weight  gain,  g 

Average  rate,  gpm  21.0 

Time  0  min 

Meter  reading,  gal  0 

Screen  AP.  psi  1 

Cleanup  AP,  psi  1 


End  Tefet 
1259 
3 

1 


Analyses  on  influent  fuel: 

Time 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


0  min 
75 

42.  8 


Analyses  on  injection  water: 
T  ime 

Solids,  mg/liter 
PH 

ST,  dyn/cm 


Post-  Test 

0.  06 


I8K 


AP,  psi 


TABLE  115.  SINGLE-ELEMENT  LOOP  TEST  NO.  258A  (Cont'd) 


Time,  AP,  Totamitor 


min 

£*!_ 

Infl 

Effl 

0 

3 

0 

0 

5 

3.  5 

0 

0 

10 

3 

0 

15 

3 

0 

20 

3 

0 

0 

25 

2.  5 

0 

0 

30 

Js.  5 

0 

0 

35 

l 

0 

0 

40 

1 

0 

45 

0.6 

0 

50 

0.8 

0 

0 

55 

4 

0 

0 

60 

4 

Schedule: 

0 

0 

Minute* 

Effluent,  mg /liter  Influent  fuel 


Solid* 

Free  water 

temperature, 

0 

80 

0.05 

0 

80 

Neg 

0 

80 

0 

80 

0 

80 

30 

Neg 

0 

80 

80 

0.  10 

0 

80 

80 

Neg 

0 

82 

80 

0 

80 

Water,  gpm  Solid*,  g/min 


0-60 


TABLE  116  .  SINGLE-ELEMENT  LOOP  TEST  NO.  258B  Date:  26  Dec  68 


Loop  no.  3(A1/SS)  Homing:  8"  ID  Aluminum 

Element*  Filters  Inc,  I  4208  Lot  465 
Canister:  DoD  type  1 

Procedure  no.  8901  B  (Dry  Red  Iron  Oxide)  Fuel  How,  gpm  30 

Water:  -  Fuel  inlet  temperature,  *F  80 

Solids:  Red  Iron  Oxide  Fuel  inlet  pressure,  psi  100 


Water  injection  schedule:  No  water  injected. 


ScUds  injection  schedule:  2.  86  g/min  from  0  min  to  end  of  test. 


Test  fuel  JP-5  batch 

Date  blended  with  additives: 

Anti-icing  additive  - 

Corrosion  inhibitor  ---- 


no.  23  ,  fresh 

26  Dec  68 
vol  %,  Dow,  Lot 
ib/Mbbl.  — — 


,  Lot 


Test  duration,  min  115 
Fuel  throughput,  gal  3424 
Average  rate,  gpm  29.  8 


Calculated  dirt  loading,  g  329 

Actual  element  weight  gain,  g  298 


Time  0  min 

Meter  reading,  gal  0 

Screen  AP,  psi  8 

Cleanup  AP,  psi  2 


End  Test 
3424 
8 
1 


Analyses  on  influent  fuel: 

T  ime 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn  'cm 


Analyses  on  injection  water: 
T  ime 

Solids,  mg/liter 
PH 

ST,  dyn/cm 


Post-  Test 

6.  86 


190 


AP,  nsi 


TABLE  116.  SINGL?. -ELEMENT  LOOP  TEST  NO.  258B  (Cont'd) 


Time, 

AP, 

Tote.nitor 

Effluent 

m£ /liter 

Influent  fuel 

min 

£ii_ 

ian 

Em_ 

Solids 

Fr  .*e  water 

ter  oerature.'F 

0 

3 

0 

0 

80 

5 

3 

0 

35 

0.88 

0 

80 

10 

4 

2 

43 

0.87 

0 

80 

20 

4 

2 

20 

0.  74 

0 

80 

25 

4 

2 

23 

0.20 

80 

30 

4.  5 

3 

25 

0.  84 

0 

80 

40 

4 

2 

17 

0.49 

0 

80 

50 

5.  5 

2 

27 

3.40 

0 

80 

60 

6.  5 

2 

28 

1.00 

0 

80 

70 

7.  5 

2 

35 

1.45 

0 

80 

80 

8.  5 

2 

40 

1.67 

0 

8! 

90 

10 

2 

53 

2.  52 

0 

81 

ino 

11 

2 

56 

3.06 

C 

81 

110 

12 

22.  38 

0 

81 

115 

18 

5 

88 

6.  86 

0 

81 

Schedule: 

Minutes 

Water. 

8  pm  Solids,  j 

t/min 

0-115  --  2.86 


Test  'ime,  minutes 


TABLE  117  .  SINGLE -ELEMENT  LOOP  TEST  NO.  Z59A  Date:  9  Jan  69 


Loop  no.  3<A1/SS)  Housing:  8"  ID  Aluminum 

Element:  Fill';?*  b  I  4208  Lot  516 
Canister:  DoD  tvp -  1 

Procedure  no.  8901 -B  (media  migration)  Fuel  flow,  gpm  6-34.5 

Water:  None  Fuel  inlet  temperature,  * F  80 

Solids:  None  Fuel  inlet  pressure,  psi  7-78 

Water  injecti  n  schedule:  No  water  injected. 


ScHde  injection  schedule:  No  solids  injected. 


Test  fuel  JP-5  batch  no.  24  ,  fresh,  clay  treated 

Date  blended  with  additives: 


Anti- icing  additive 

vol  %,  Dow,  Lot 

Corrosion  inhibitor 

lb/Mbbl,  ,  Lot 

Test  duration,  min 

60 

Calculated  dirt  loading,  g 

Fuel  throughput,  gal 

1218 

Actual  element  weight  gain,  g 

Average  rate,  gpm 

20.  3 

Time 

0  min 

End  Test 

Meter  reading,  gal 

0 

1218 

Screen  AP,  psi 

28 

2 

Cleanup  AP,  psi 

0 

0 

Analyses  on  influent  fuel: 

jime  Post  Clay  Filter  0  Min 

WSIM,  distilled  water  10C  96 

IFT,  distilled  water,  dyn/cm  45.  8  46.2 

Analyses  on  injection  water: 

T  ime 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


19.2 


TABLE  1*7.  SttGLE-ELEMENT  LOOP  TEST  VO.  259A  (Cont'd; 


Time, 

AP, 

Totamitor 

Effluent, 

rig /liter 

Ivflui  it  fuel 

min 

P«* 

Infl 

Effl 

Solids 

Free  water 

ternpera.ure.* 

0 

5,0 

0 

0 

80 

5 

6.0 

0 

1 

0.  1  i 

0 

81 

10 

►  0 

0 

0 

0.  02 

0 

81 

15 

3.  5 

0 

0 

80 

20 

3.  5 

0 

0 

0.  18 

80 

25 

2.  5 

0 

0 

80 

30 

2.  5 

0 

0 

0.02 

80 

35 

1  5 

0 

0 

81 

40 

1.  5 

0 

0 

0.  08 

81 

45 

1.  5 

0 

0 

80 

50 

1.5 

0.02 

80 

55 

5.0 

0 

2 

80 

60 

6.0 

0 

0 

0.  07 

80 

Schedule: 


Fuel 

Minutes  How  ,  gpir  Solids,  g/min 


0-10  30 
10-20  24 
20-30  18 
30-40  12 
40-50  0 


4-* 


100  Hu 


0 


20 


60  80 
IV  at  tune,  nttnutea 


TABLE  118  .  SINGLE- ELEMENT  LOOP  TEST  NO.  259B  Date:  9  Jan  69 


Loop  no.  3(A1/SS) 

Housing:  8"  ID  Aluminum 

Element:  .Filters  Inc,  I  4208  Lot  51 6& 

Canister:  DoD  type  1 

Procedure  no. 8901- B  (Dry 

Iron  Oxide)  Fuel  flow,  gpm 

30 

Water:  None 

Fuel  inlet  temperature,  *F 

80 

Solids:  Red  Iron  Oxide 

Fuel  inlet  pressure,  psi 

70  &  100 

Water  injection  schedule: 

No  water  injected. 

SeHda  injection  schedule: 

2.  86  g/min  of  Red  Iron  Oxide  from  0  min 

to  end  of  test. 

Test  fuel  JP-5 

batch 

no.  24  ,  fresh,  clay  treatea 

Date  blended  with  additives: 

Anti-icing  additive 

vol  %,  Dow,  Lot 

Corrosion  inhibitor 

lb/Mbbl,  ,  Lot 

Test  duration,  min 

106 

Calculated  dirt  loading,  g 

297 

Fuel  throughput,  gal 

3118 

Actual  element  weight  gain, 

g  275 

Average  rate,  gpm 

29.8 

Time 

0  min 

End  Test 

Meter  reading,  gal 

1218 

4336 

Screen  AP,  psi 

2 

6 

Cleanup  AP,  psi 

0 

0 

Analyses  on  influent  fuel: 

Time 

WSIM,  diatilled  water 
IFT,  diatilled  water,  dyn/cm 


Analyses  on  injection  water: 
Time 

Solida,  mg/liter 
pH 

ST,  dyn/cm 


a.  Same  element  u»ed  in  Teat  259A. 


m 


TABLE  118.  SINGLE-ELEMENT  LOOP  TEST  NO.  259B  (Cont'd) 


nm 


Totamitor 


Effluent,  mg /liter 
Free  water 


Karen 


Influent  fuel 
temperature,  ®F 


0 

5 

10 

15 

20 

25 

30 

32 

35 

40 

1 

45 

1 

i? 

80 

9 

80 

5 

80 

80 

1 

80 

80 

6 

80 

80 

80 

9 

80 

80 

3 

80 

80 

6 

80 

a.  Fuel  inlet  pressure  changed  from  70  psi  to  100  psi 

b,  Sample  pulled  from  100  min  to  104  min. 


Sc.ied.ule: 


Minutes 


Water, 


[I, 


TABLE  i  19  .  SINGLE-ELEMENT  LOOP  TEST  NO.  260A  Date:  14  Jan  69 

Loop  no.  3{AI/SS)  Housing:  8n  ID  Aluminum 

Element;  Filters  Inc,  1  4208  Lot  516 
Canister:  DoD  fype  1 

Procedure  no.  8901 B  (Water  Removal)  Fuel  flow,  gpm 
Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  #F 

Solids:  None  Fuel  inlet  pressure,  psi 

Water  injection  schedule:  0. 1?  gpm  from  0  min  to  60  min,  than 

1.  32  gpm  from  61  min  to  end  of  test  (120  min). 

ScKds  injection  schedule:  None 


34. 5  &  32.  8 

80 

70 


Test  fuel  JP-5  batch  no.  24  ,  revised,  clay  treated 
Date  blended  with  additives: 

Anti -icing  additive  vol  %,  Dow,  Lot 

Corrosion  inhibitor  lb/Mbbl,  ,  Lot 


Test  duration,  min 
Fuel  throughput,  gal 
Average  rate,  gpm 


12G  Calculated  dirt  loading,  g 

4037  Actual  element  weight  gain,  g 

34a  5  for  1st  hour  -  32.  8  for  2nd  hour. 


Time  0  min 

Meter  reading,  gal  0 

Screen  AF,  psi  5 

Cleanup  AP,  psi  0 


End  Test 
4037 
5 
0 


Analyses  on  influent  fuel: 

Time  Post  Clay  Treated 

WSIM,  distilled  water  99 

IFT,  distilled  water,  dyn/cm  4t..O 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 

pH 

ST,  dyn/cm 


Fre- Test 

8.  5 
69.  5 


196 


TABLE  119.  SINGLE-ELEMENT  LOOP  TEST  NO.  260A  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent,  ms /liter 

Influent  fuel 

min 

Hi_ 

Infl 

Effl 

Solids  Free  water 

temperature.  *F 

5 

5.0 

0 

0 

80 

10 

6.0 

0 

0 

0-1 

80 

15 

6.0 

0 

0 

80 

20 

6.0 

0 

0 

0-1 

80 

25 

6.0 

0 

0 

80 

30 

6.0 

0 

0 

1-2 

80 

35 

6.0 

0 

0 

80 

40 

6.0 

0 

0 

0-1 

80 

45 

6.0 

0 

0 

, 

80 

50 

6.0 

0 

0 

0 

80 

55 

6.0 

0 

0 

80 

60 

6.0 

0 

0 

1-2 

80 

65 

7.0 

0 

0 

80 

70 

7.0 

0 

0 

2-3 

80 

80 

8.0 

0 

0 

1-2 

80 

90 

9.0 

0 

0 

2-3 

80 

100 

9.0 

0 

0 

2-3 

80 

105 

9.0 

0 

0 

80 

110 

9.0 

0 

0 

4-5 

80 

120 

9.0 

0 

0 

3-4 

80 

Schedule: 

Minutes 

Water,  spm  Solids, 

g/min 

0-60 

0.17 

61-120 

1.32 

0  20  40  60  80  100  120 


Test  time,  minutes 
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TABLE  120.  SINGLE-ELEMENT  LOOP  TEST  NO.  260B 
Date:  14  January  1969 


Loop  no.  3(A1/SS)  Housing:  8”  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  5l6a 
Canister:  DoD  Type  I 

Procedure  no.  3901-B  (RIO  and  water)  Fuel  flow,  gpm  30 

Water:Filtered  Tap  Water  Fuel  inlel  temperature,  *F  80 

Solids:^ed  Iron  Oxide  Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.9  gpm  from  0  min  to  end  of  test. 


Solids  injection  schedule:  2.86  g/min  Red  Iron  Oxide  from  0  min  to 

end  of  test. 


Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 
Date  blended  with  additives: 

Anti-icing  additive  vol  %,  Dow,  Lot 

Corrosion  inhibitor  lb/Mbbl,  ,  Lot 


Test  duration,  min  g^ 

Fuel  throughput,  gal  2775 

Avsrage  rate,  gpm  29.8 


Calculated  dirt  loading,  g 
Actual  element  weight  gain,  g 


Time  0  Min 

Meter  reading,  gal  0 

Screen  AP,  psi  5 

Cleanup  AP,  psi  0 


End  Test 

2775 

6 

0 


Analyses  on  influent  fuel: 

Time 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


266 

199 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 

PH 

ST,  dyn/cm 


Post  Test 


7.7 

72.7 


a.  Same  element  used  in  Test  260-A. 
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TABLE  120.  SINGLE -ELEMENT  LOOP  TEST  NO.  260B  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent, 

m«/liter 

Influent  fuel 

min 

Infl 

Effl 

Solids 

Free  water 

temperature.  *F 

0 

9.0 

0 

0 

80 

5 

9.0 

1 

0 

0 

1-2 

80 

10 

10.0 

0 

0 

0.08 

1-2 

80 

20 

11.0 

0 

0 

0.18 

1-2 

80 

3° 

12.0 

0 

0 

0.09 

0-1 

80 

40 

14.0 

0 

0 

0 

0-1 

80 

60 

16.0 

0 

0 

0.05 

0-1 

80 

60 

18.5 

0 

0 

O.58 

0-1 

80 

70 

25.0 

0 

1 

Neg 

2-3 

80 

80 

32.0 

0 

1 

Neg 

2-3 

80 

85a 

35.0 

0 

1 

80 

92 

40.0 

0 

1 

Neg 

2-3 

80 

93 

35.0 

30 

a.  At  85  min,  sump  water  began  showing  signs  of  collecting  RIO 

at  a  fast  rate.  Analysis  of  the  sump  water  indicated  33. <23  mg/liter 
of  RIO  present. 


Schedule: 


Minute  a  Water,  gpm  Solids,  g/min 

0-92  0.9  <2.86 
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TABLE  121.  SINGLE-ELEMENT  LOOP  TEST  NO.  261 
Date:  11  February  1969 

Loop  no.  3(A1/SJ>)  Housing:  8"  ID  Aluminum 

Element:  Fram  Lot  14,DoD  type 
Canister:  DoD  Type  1 

Procedure  no.  13"A  F.»e)  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  00 

Solids:  Coarse  AC  Dust  •  Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5*72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5.72  g/mip  to  end  of  test. 

Test  fuel  jp-5  batch  no.  24  »  fresh,  clay  treated 

Date  blended  with  additives:  11  Feb  69 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor  l6  lb/Mbbl,  Santolene  C  ,  Lot  NH04-0Q6 


Test  duration,  min  55 

Fuel  throughput,  gal  M05 
Average  rate,  gpm  ^0 


Calculated  dirt  loading,  g  229 
Actual  element  weight  gain,  g  105 


Tune  0  Min  End  Teet 

Meter  reading,  gal  300  1405 

Screen  AP,  psi  2  2 

Cleanup  AP,  pai  0  0 


Analyses  cn  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test  Post  Test 

WSIM,  distilled  water  98  76  69 

IFT,  distilled  water,  dyn/cm  47.7  33.3  42,4 


Analyses  on  injection  water: 
Time 

Solids,  mg /liter 
pH 

ST,  dyn/cm 


Post  Test 
.52 

72.2 
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TABLE  122.  SINGLE-ELEMENT  LOOP  TEST  NO.  262 
Date:  12  February  1969 


i^ocp  no.  3(A1/SS)  Housing:  8"  I  D  Aluminum 

Element:  Bendix,  Part  No.  045800-04 
Canieter:  DoD  Type  1 


Procedure  no.  13-A 
Water:  Filtered  Tap  Water 
Solid*-  Coarse  AC  Duet 


Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  4  F  80 

Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0,002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 


Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5.72  g/min  to  end  of  test. 

Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  12  Feb  69 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor  16  lb/Mbbl,  Santolene  C  ,  Lot  NH04-006 


Test  duration,  min  68 

Fuel  throughput,  gal  1368 
Average  rate,  gpm  20 


Calculated  dirt  loading,  g  303 
Actual  element  weight  gain,  g  269 


Time  0  min 

Meter  reading,  gal  300 

Screen  AP,  psi  ^ 

Cleanup  AP,  psi 


End  Test 
1668 
2 
0 


Analyses  on  influent  fuel' 

Time  Post  Clay  Filter 

WSIM,  distilled  water  9« 

IFT,  distilled  water,  dyn/cm  49.1 


Pre-Test  Post  Test 

78  68 

37.7  39.1 


Analyses  on  injection  water: 
Time 

Solids,  mg/iitei 
PH 

ST,  dyn/c*n 


Post  Test 
0.31 
8.6* 
70.5 


*  Another  sample  pulled  cn  13  Feb  69, pH-7.4 


TABLE  122.  SINGLE -ELEMENT  LOOP  TEST  NO.  262  (Coni'd) 


Lma,  AP,  Totamltor 

Lin  psl  Infl  Effl 


Effluent,  mg/liter  Influent  fuel 

Solid*  Free  vatcr  temperature.  T 


0 


5 

10 

15 

20 


25 

30 


l 


5 

0 

45 

50 

52 

V 

6  2 

67 

68 


70 


4.1 

4.3 

4.8 

6.0 

7.1 

8.3 

9.9 
11.1 
13.9 

15.2 

18.2 
20.0 
29.5 
31.2 
33.1 
4o.O 
43.0 


0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

C  0 

0  0 

0  0 

0  1 

0  1 

0  1 


0.02  7-8 

7-8 


0 .06  14-15 

0.09  10-11 

16-17 
19-20 

0.05  17-18 


80 

80 

80 

80 

00 

80 

80 

80 

80 

So 

So 

80 

3o 

80 

80 

80 

80 


Schedule: 

Minutes 

Water,  Kpm 

Solids,  g/r.iin 

0-52 

0.002 

5-72 

52-67 

0.2 

67-68 

0.2 

5*72 

70S 


TABLE  123.  SINGLE-ELEMENT  LOOP  TEST  NO.  263 
Date:  13  February  1969 

Loop  no.  3(A1/SS)  Homing:  8”  I  D  Aluminum 

Element:  Bowser,  Part  No.  A-1339-B 
Canister:  BoD  Type  1 

Procedure  no.  13~A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature.  *F  80 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi  ^0 

Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5*72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5.72  g./mln  to  end  of  test. 


Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives?  13  Feb  69 

Ar.ti-icing  additive  0.15  vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor  l6  lb/Mbbl,  Santolene  C  ,  Lot  NH04-006 

Test  duration,  min  58  Calculated  dirt  loading,  g  240 

Fuel  throughput,  gal  H53  Actual  element  weight  gain,  g  226 

Average  rate,  gpm  19  •  9 


Time  0  Min 

Meter  reading,  gal  300 

Screen  AP,  psi  2 

Cleanup  AP,  pai  0 


End  Test 
1453 
2 
0 


Analyses  on  influent  fuel: 

Time  Pest  Clay  Filter  Pre-Test  Post  Test 

WSIM.  distilled  water  95  65  75 

IFT,  distilled  water,  dyn/cm  d4.2  33*8  36.1 


Analyses  on  inj  action  water: 
Time 

Solids,  rng /liter 
pH 

ST,  dyn/cm 


Post  Test 
0,2 
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TABLE  123.  SINGLE -ELEMENT  LOOP  TEST  NO.  263  (Cont'd) 


Time,  AP,  Totamitor  Effluent,  mg /liter  Influent  fuel 

m*n  Pgl  Infl  Effl  Solids  Free  water  temperature.  **  F 


0 

4.6 

0 

0 

5 

5.1 

0 

0 

10 

6.3 

0 

1 

15 

7.3 

0 

1 

20 

8.3 

0 

2 

25 

10,1 

0 

2 

30 

11.4 

0 

2 

35 

13.4 

0 

1 

40 

20.0 

0 

1* 

45 

24.5 

0 

2 

50 

24.5 

0 

1 

55 

24.9 

0 

1 

58 

40.0 

0 

1 

59 

42.2 

0 

1 

60 

39-2 

0 

1 

62 

20,4 

0 

•i 

JL 

80 

0.29  4-5  80 

7-3  80 

11-12  80 

SO 

17- 18  30 

80 

18- 19  SO 

O.27  18-19  80 

Neg  18-19  30 

15-16  80 

80 

Neg  19-20  80 

30 

80 

So 


*  Totamitor  peaked  at  7  at  20  psl  +  1  min. 


Schedule: 

Minute* 

Water.,  gpm 

Solid*,  g/min 

0-40 

0.002 

5.72 

40-55 

0.2 

55-58 

0.2 

5.72 

0  20  40  60  30  100  120 

Test  time  minute* 


TABLE  124.  SINGLE -ELEMENT  LOOP  TEST  NO.  264 
Date:  14  February  1969 

Loop  no.  3(A1/SS)  Housing:  8"  I  D  Aluminum 

Element:  Pram  Lot  14  DoD  type 
Canister:  DoD  TyPe  1 

Procedure  no.  13-A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *?  80 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.  2  gpm  to  end  of  test. 

Solids  injection  schedule:  5*72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5.72  g/min  to  end  of  test. 


Test  fuei  jp-5  batch  no.  24  ,  reused,  clay  treatea 

Date  blended  with  additives:  14  Feb  69 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor  16  lb/Mbbli  Santo lene  C  ,  Lot  NH04-006 


Test  duration,  min  51 

Fuel  throughput,  gal  1035 

Average  rate,  gpm  20,3 

Time  0  Min 

Meter  reading,  gal  296 

Screen  Ap,  psi  2 

Cleanup  AP,  psi 


Analyses  on  influent  fuel: 

Time  Post 

WSIM,  distilled  water 

IFT,  distilled  water,  dyn/cm 

Analyses  on  injection  water: 

T  ime 

Solids,  mg /liter 
PH 

ST,  dyn/;m 


Calculated  dirt  loading,  g  206 
Actual  element  weight  gain,  g  198 


End  Test 
1331 
2 
1 


Clay  Filter  Pre-Test  Post  Test 

97  61  79 

45.3  38.2  40.5 


Post  Test 

0.08 

72.3 


TABLE  124.  SINGLE -ELEMENT  LOOP  TEST  NO.  264  (Cont'd) 


Totamltor 


E 


Effluent,  mg /liter 


Solida  Free  water 


Influent  fuel 


5 

30.3 

31. C 

3 


Schedule: 


Minutes 


Solids.  K/min 
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Teat  time,  minutes 


TABLE  125.  SINGLE -ELEMENT  LOOP  TEST  NO.  2b5 
Date:  17  February  1969 

Loop  no.  3(A1/SS)  Housing:  8"  I  D  Aluminum 

Element:  Fram  Lot  14,  DoD  type 
Canister:  DoD  Type  1 

Procedure  no.  13-A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  80 

Solids:  Coarse  AC  Dust  Fuel  ^let  pre*iUre,  psi  70 

Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  tc  end  of  test. 

Solids  injection  schedule:  5*72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5.72  g/min  to  end  of  test. 


Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  17  Feb  69 
Anti-icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 
Corrosion  inhibitor  16  lb/Mbbl,  Santolene  C  ,  Lot  NH04-006 

Test  duration,  min  53  Calculated  dirt  loading,  g  217 

Fuel  throughput,  gal  1066  Actual  element  weight  gain,  g  197 

Average  rate,  gpm  20.1 

Time  0  Min 

Meter  reading,  gal  294 

Screen  AP,  psi  2 

Cleanup  AP,  psi  ^ 

Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test  Post;  Test 

WSIM,  distilled  water  95  76  74 

IFT,  distilled  water,  dyn/cm  &5«8  38.2  40.3 


End  Test 
1360 
2 
1 


Analyses  on  injection  water: 
Time 

Solide,  mg/liter 
PH 

ST,  dyn/cm 


Post  Test 
0.2 
7.5 
72.4 
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TABLE  125.  SINGLE -ELEMENT  LOOP  TEST  NO.  265  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent. 

mg /liter 

Influent  fuel 

min 

ssL. 

Infl 

Effl 

Solid* 

Free  water 

temperature.  *F 

0 

4.7 

0 

0 

80 

5 

5.6 

0 

0 

0.07 

0-1 

80 

10 

6.7 

0 

0 

80 

15 

8.9 

0 

0 

80 

20 

11.1 

0 

0 

80 

25 

13.4 

0 

0 

80 

30 

15.8 

0 

0 

80 

35 

20.0 

0 

0 

0.10 

4-5 

80 

40 

25.8 

0 

4 

0.17 

20+ 

80 

45 

28.4 

0 

4 

20+ 

80 

50 

29.0 

0 

5 

20+++ 

80 

53 

40.0 

0 

4 

0.06 

20++H 

80 

54 

42.0 

0 

4 

80 

55 

31.5 

Schedule: 

Minute  s 

Water,  gpm  Solids,  g/min 

0-35  0.002  3.72 

35-50  0.2  - 

50-53  0.2  5.72 


200 


h  &?****&  i 


TABLE  126,  SINGLE -ELEMENT  LOOP  TEST  NO.  266 
Date:  18  February  1969 


Loop  no.  3(A1/SS) 


Homing:  8"  1  D  Aluminum 
Element:  Bendix,  Part  No.  045800-04 
Canieter:  DoD  Type  1 


Procedure  no.  13-A 
Water:  Filtered  Tap  Water 
Solid,;'  Coarse  AC  Dust 


Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 
Fuel  inlet  pressure,  pel  70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psl>  then 
0.2  gpm  to  end  of  test. 


Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5.72  g/min  to  end  of  test. 


Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  18  Feb  69 

Anti-icing  additive  0.15  vol  %,  Dpw,  Lot  0226816 

Corrosion  inhibitor  16  lb/Mbbl,  Santolene  C  »  NH04-006 


Test  duration,  min  51 

Fuel  throughput,  gal  1012 
Average  rate,  gpm  ^ 


Calculated  dirt  loading,  g  212 
Actual  element  weight  gain,  g  219 


Time  0  Min 

Meter  reading,  gal  300 

Screen  AP,  psi  2 

Cleanup  AP,  psi  T 


End  Test 
1312 
2 
1 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter 

WSIM,  distilled  water 
TFT,  distilled  water,  dyn/cm 


Pre-Test 

56 

37.3 


Post  Test 
68 
40.5 


Analyses  on  injection  water: 
Time 

ScUds,  mg /liter 
pH 

ST,  dyn/cm 


Post  Test 

0.1 


72.0 
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TABLE  126.  SINGLE -ELEMENT  LOOP  TEST  NO.  266  (Crnt'd) 


Time, 

AP, 

Totamitor 

min 

2iL- 

Infl. 

Effl, 

0 

4.7 

0 

0 

5 

5.4 

0 

0 

10 

5.9 

0 

0 

15 

6.7 

0 

0 

20 

8.0 

0 

0 

25 

10.1 

0 

0 

30 

13.0 

0 

0 

35 

19.0 

0 

0 

36 

20.0 

0 

0 

40 

29.8 

0 

0 

46 

31.9 

0 

0 

50 

37.0 

0 

0 

51 

40.0 

0 

0 

52a 

52 

43.0 

25b 

100+ 

Effluent,  mg /liter 


Influent  fuel 


Solids 

Free  water 

tempera 

1-2 

80 

0.12 

80 

80 

80 

80 

80 

80 

80 

0.15 

5-6 

80 

0.01 

7-8 

80 

9-10 

80 

20 

80 

0.34 

204-,+ 

80 

a.  Actual  time  was  51  min  30  sec. 

b.  Probable  rupture. 


Schedule: 


Minute  ■ 

0-36 

36-50 

50-51 


0.002 

0.2 

0.2 


Solid*,  g/min 

5.72 
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TABLE  127.  SINGLE -ELEMENT  LOOP  TEST  NO.  267 
Date:  19  February  1969 

Loop  no.  3(A1/SS)  Homing:  8"  ID  Aluminum 

Element:  Bendix,  Part  No.  045800-04 

Canister:  DoD  TyPe  1 

Procedure  no,  ^3-A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *  F  qq 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 


Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 
discontinue,  then,  5.72  g/min  to  end  of  test. 


Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  19  Fab  69 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor  16  lb/Mbbl,  Santolene  C  ,  Lot  NH04-006 

Test  duration,  min  62  Calculated  dirt  loading,  g  269 

Fuel  throughput,  gal  1240  Actual  element  weight  gain,  g  I89 

Average  rate,  gpm  20.0 

Time  0  Min 

Meter  reading,  gal  300 

Screen  AP,  pai  2 

Cleanup  AP,  psi  ^ 


End  Test 
1540 
2 
1 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test 

WSIM,  distilled  water  90  60 

IFT,  distilled  water,  dyn/cm  44.1  36.6 


Post  Test 
58 
39.4 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post  Test 
0.4 
7.6 
72.2 
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TABLE  127.  SINGLE-ELEMENT  LOOP  TEST  NO.  267  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent, 

ms /liter 

Influent  fuel 

min 

E£L_ 

Infl 

Effi 

Solid* 

Free  water 

temperature.  *F 

0 

4.4 

0 

0 

80 

5 

5.0 

0 

0 

0.11 

2-3 

80 

10 

5-5 

0 

0 

80 

15 

6.9 

0 

0 

80 

20 

8.4 

0 

0 

80 

25 

10.3 

0 

0 

80 

30 

12.0 

0 

0 

80 

35 

14.2 

0 

0 

80 

4o 

16.8 

0 

0 

80 

45 

20.0 

0 

oa 

0.07 

10-11 

80 

50 

27.9 

0 

0 

0.05 

20+ 

80 

55 

29.2 

0 

0 

9-1° 

So 

60 

31.4 

0 

0 

20b 

80 

62 

4o.O 

0 

0 

0.07 

20 

80 

64 

40.9 

0 

0 

80 

65 

32.1 

0 

0 

80 

a. 

Peak  of  1 

reached 

at  20  psl 

4-  2  min. 

b. 

700  ml  AEL 

sample 

pulled. 

Schedule:  Minute* 

Water,  gpm 

Solids,  g/min 

0-45 

0.002 

5.72 

''5-60 

0.2 

— 

60-62 

0.2 

5.72 
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TABLE  128.  SINGLE-ELEMENT  LOOP  TEST  NO.  268 
Date:  24  February  1969 

Loop  no.  3(A1/SS)  Homing:  8"  I  D  Aluminum 

Element:  Fram  Lot  l4,DoD  type 
Canister:  DoD  Type  1 

Procedure  no.  13-A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  80 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 


Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5*72  g/min  to  end  of  test. 


Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  24  Feb  69 

Anti-icing  additive  0.  15  vol  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  16  lb/Mbbl,  Santolene  C  ,  Lot  HH04-00S 


Test  duration,  min  44 

Fuel  throughput,  gal  88 1 
Average  rate,  gpm  20.0 

Time  .  0  Min 

Meter  reading,  gal  300 

Screen  AP,  psi  2 

Cleanup  AP,  psi  ^ 


Calculated  dirt  loading,  g  l66 

Actual  element  weight  gain,  g  176 


End  Test 
1181 
2 
1 


Analyses  on  influent  fuel: 

Time  Post  Clav  Filter  Pre-Test  Post  Test 

WSIM,  distilled  water  p7  54  76 

IFT,  distilled  water,  dyn/cm  45.4  38.0  39*0 


Analyses  on  injection  water: 
Time 

Solida,  mg/liter 
pH 

ST,  dyn/cm 


Post  Test 


71.6 
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TABLE  128.  SINGLE -ELEMENT  LOOP  TEST  NO.  268  (Cont'd) 


AP, 


P31 

4.7 

5*3 

6.5 

9.1 

11.6 

16.5 
20.0 
32.0 
35.0 

38.5 

40.0 

46.2 

39.2 


Totamitor 


inn  Effl 


Effluent,  mg /liter 


Solide  Free  water 


0.08 


10-11 

20++ 

20++ 

20+++ 

20+++ 


o.o8 


Influent  fuel 
temperature.  *  F 


*  The  AP  of  38.5  occurred  at  43  min  45  sec,  40  psi  occurred  at 
44  ruin  05  sec . 

**Eff  totamitor  peaked  at  20  psi  +  33  min  15  sec  with  a  reading 
of  10.  '  * 


Schedule: 


Minute*  Water,  apm  Solid*,  n/min 


KbSSS  SSSSS  SSmSS  SSSSS2XSSS SSSSSSSSSS SSSS5  SSSSSSSSSS  SSSSS  SSSSS 

>■»««  ■■■■■■!■■■■  ■■■»■■■■■■  ■»»»«,«■  <«■  ■«.■■■■■■■—  ■■■■■■■■■■  ■■■■■ 
■*«■*■■■*  miiiMiiuiiaHiaiuiiiiiiHimS 

pHpgpnBHHH 


Te*t  time,  mlnutec 


TABLE  129.  SINGLE -ELEMENT  LOOP  TEST  NO.  269 
Date:  25  February  1969 


Loop  no.  3(A1/SS) 


Housing:  8"  1  C  Aluminum 

Element:  Bendix,  Part  #0^5800-04 

Canister:  DoD  T7PS  1 


Procedure  no.  13-A 
Water:  Filtered  Tap  Water 
Solids:  Coarse  AC  Dust 


Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 

Fuel  inlet  pressure,  psi  TO 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 

Solids  injection  schedule'  5*72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5*72  g/min  to  end  of  test. 

Test  fuel  JP-5  batch  no.  24,  reused,  clay  treated 

Date  blended  with  additives:  25  Feb  69 

Anti-icing  additive  0*15  vol  %,  Dow,  Lot  02^68  16 

Corrosion  inhibitor  16  lb/Mbbl,  Santolene  C  » Lot  NH04-0G6 


Test  duration,  min  66 

Fuel  throughput,  gal  1315 
Average  rate,  gpm  19-9 


Calculated  dirt  loading,  g  292 

Actual  element  weight  gain,  g  278 


Time 

Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 


0  Min 
300 
2 
1 


End  Test 
1615 
2 
1 


Analyses  on  influent  fuel: 
Time 


Post  Clay  Filter  Pre-Test  Pest  Test 


WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


64 

37.4 


62 

39.5 


Analyses  on  injection  water: 
Time 

Solids,  mg/iiter 
pH 

ST,  dyn/cm 


Post  Test 
0.0 

7‘3 

71.4 
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TABLE  129.  SINGLE -ELEMENT  LOOP  TEST  NO.  269  l^ont'd) 


rime, 

Totamitor 

Effluent. 

mi /liter 

Influent  fuel 

min 

e ai_ 

Infl 

MM 

Solid* 

Free  water 

temperature.0 

0 

4.4 

0 

0 

8o 

5 

4.7 

0 

0 

0.05 

0-1 

So 

10 

5.0 

0 

0 

80 

15 

6.1 

0 

0 

80 

20 

7.4 

0 

0 

8o 

25 

9.1 

0 

0 

80 

30 

11.2 

0 

0 

80 

35 

12.7 

0 

0 

80 

no 

45 

14.8 

0 

0 

80 

17.5 

0 

0 

30 

4? 

20.0 

0 

0* 

0.06 

9 

80 

54 

27.5 

0 

0 

0.09 

9 

80 

5j? 

30.5 

0 

0 

11-12 

80 

66 

32.8 

0 

0 

14-15 

80 

40.0 

0 

0 

0.12 

14-15 

80 

68 

41.5 

0 

0 

80 

70 

39.1 

0 

c 

So 

♦Totamitor  peaked  at  20 

pst  + 

1  min  30  sec 

with  a  reading  of  1. 

Schedule:  Minutes 

Water,  gpm 

Solids,  g/min 

0-49 

0.002 

5.72 

4  9-64 

0.2 

64-66 

0.2 

5.72 

TABLE  130.  SINGLE -ELEMENT  LOOP  TEST  NO.  270 
Date:  26  February  1969 


Loop  no.  3(A1/SS) 


Housing:  8"  I  D  Aluminum 
Element:  Bowser,  Part  No.  A-I389-B 
Canister:  Type  1 


Procedure  no.  13-A 

Water:  Filtered  Tap  Water 

Solids:  Coarse  AC  Dust 


Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 

Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5-72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  ^.72  g/min  to  end  of  test. 


Test  fuel  JF-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  *6  Feb  69 

Anti-icing  additive  0.15  vol  %  Dow,  Lot  02268  16 

Corrosion  inhibitor  l6  lb/Mbbl,  Santoiene  C  ,  Lot  NH04-16 


Test  duration,  min 
Fuel  throughput,  gal 
Average  rate,  gpm 


54 

1080 

20.0 


Time  C  Min 

Meter  reading,  gal  300 

Screen  AF.  psi  2 

Cleanup  AP,  psi  1 


Calculated  dirt  loading,  g  223 

Actual  element  weight  gain,  g  202* 


End  Test 
1380 
2 
1 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


Pre-Test 

50 

36.4 


Post  Test 

3S.2 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post  Test 
0.4 


*  Small  amount  of  dirt  lost  during  drying. 


TABLE  130.  SINGLE -ELEMENT  LOOP  TEST  NO.  270  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent, 

ms /liter 

Influent  fuel 

min 

£*i_ 

Infl 

Effl 

Solids 

Free  water 

temperature.*  F 

0 

4.6 

0 

0 

80 

5 

4.9 

0 

0 

0.01 

4-5 

80 

10 

6.5 

0 

0 

80 

15 

7-5 

0 

0 

3-4 

80 

20 

9.5 

0 

0 

80 

25 

11.5 

0 

0 

80 

30 

13.0 

0 

0 

80 

35 

16.5 

0 

0 

19-20 

80 

37 

20.0 

0 

o* 

Neg 

18-19 

80 

42 

2  6.6 

0 

1 

0.03 

20 

8o 

47 

27.9 

0 

1 

20 

80 

52 

28.5 

0 

1 

20 

80 

54 

40.0 

0 

1 

0.02 

20+ 

80 

56 

41.7 

0 

1 

80 

57 

34.5 

0 

1 

80 

*The 

effluent 

totamitor  peaked 

at  20  psi  + 

2  min  at  a 

reading  of  7. 

Schedule: 

Minutes 

Water,  gpm 

Solids,  g/min 

0-37 

0.002 

5.72 

37-52 

0.2 

52-54 

0.2 

5.72 

2*9 


TABLE  131.  SINGLE -ELEMENT  LOOP  TEST  NO.  271 
Date:  27  February  1969 

Loop  no.  3(A1/SS)  Homing:  8"  I  D  Aluminum 

Element:  Bowser,  Part#A-1389-B 
Canieter:  DoD  Type  1 

Procedure  no.  13-A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  80 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5.72  g/min  to  end  of  test. 

Test  fuel  JP-5  batch  no.  24  .  reused,  clay  treated 

Date  blended  with  additives:  27  Feb  69 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  16  lb/Mbbl,  Santolene  C  .  Lot  NH04 -00b 

Test  duration,  min  45  Calculated  dirt  loading,  g  172 

Fuel  throughput,  gal  897  Actual  element  weight  gain,  g  163 

Average  rate,  gpm  19*9 

Time  0  Min  End  Test 

Meter  reading,  gal  300  1197 

Screen  AP,  psi  2  2 

Cleanup  AP,  psi  1  1 

Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test  Post  Test 

WSIM,  distilled  water  97  76  76 

IFT,  distilled  water,  dyn/cm  43.9  37.0  38.7 


Analyses  on  injection  water: 
Time 

Solids,  mg /liter 
PH 

ST,  dyn/cm 


Post  Test 
0.1 
7.4 
71.3 
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TABLE  131.  SINGLE -ELEMENT  LOOP  TEST  NO.  271  (Cont'd) 


Time, 

AP, 

Totamitor 

min 

pal 

Inf] 

Effl 

0 

4.8 

0 

0 

5 

5.3 

0 

0 

10 

7.? 

0 

0 

15 

8.4 

0 

1 

20 

12.5 

0 

3 

25 

14.7 

0 

2 

28 

20.0 

0 

2 

33 

27.5 

0 

3 

38 

28.1 

0 

11 

43 

28.2 

0 

22 

45 

40.0 

0 

16 

46 

43.5 

48 

30.6 

Effluent. 

/liter 

Influent  fuel 

Solid* 

Free  water 

temperature.  #F 

80 

0.04 

0-1 

80 

80 

10-11 

80 

0.21 

1.4-15 

80 

8o 

0.10 

10-11 

8o 

0.07 

20 

8o 

20+++ 

8o 

20+++ 

80 

0.19 

20++f 

80 

80 

80 

Schedule: 

Minute* 

Water,  gpm 

Solids,  g/min 

0-28 

0.002 

5.7? 

28-43 

0.2 

43-45 

0.2 

5.72 
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TABLE  132  . 


SINGLE- ELEMENT  LOOP  TEST  NO.  272  Date:  28  Feb  69 


Loop  no.  3 (Al/SS) 


Procedure  no.  13-A 
Water:  Filtered  Tap  Water 
Solids:  Coarse  AC  Dust 

Water  injection  schedule:  0.002  gpm 
0.2  gpm  to  end  of  test. 


Housing:  8"  I  D  Aluminum 
Element:  Bowser, Part  #A-1389-B 
Canister:  DoD  Type  1 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 

Fuel  inlet  pressure,  psi  70 

from  0  min  to  20  psi,  then 


Solids  injection  schedule:  5«72  g/mln  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5.72  g/min  to  end  of  test. 


Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  28Feb69 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  16  lb/Mbbl,  Santolene  C  ,  Lot  NH04-006 

Calculated  dirt  loading,  g  206 

Actual  element  weight  gain,  g  I92 


Test  duration,  min  51 

Fuel  throughput,  gal  1024 
Average 'rate,  gpm  20 


Time  0  Min 

Mater  reading,  gal  300 

Screen  AP,  psi  2 

Cleanup  AF  psi  1 


End  Test 
1324 
2 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test  Post  Test 

WSIM,  distilled  water  93  53  62 

IFT,  distilled  water,  dyn/cm  42.6  37.4  38.6 


Analyses  on  injection  water:  Post  Test 

Time  0,0 

Solids,  mg/liter  7.3 

pH  71.8 

ST,  dyn/cm 
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TABLE  132.  SINGLE -ELEMENT  LOOP  TEST  NO.  272  (Cont’d) 


Time, 

AP, 

Totamitor 

Effluent,  mg /liter 

Influent  fuel 

min 

pai 

Infl 

Effl 

Solids 

Free  water 

temperature.  *F 

0 

4.9 

0 

0 

80 

5 

5.8 

0 

0 

0.06 

0 

80 

10 

7.6 

0 

0 

80 

15 

8.5 

0 

1 

80 

20 

11.4 

0 

2 

0.27 

12-13 

80 

25 

12.6 

0 

2 

80 

30 

15.0 

0 

2 

80 

34 

39 

20.0 

0 

2* 

0.14 

15-16 

80 

24.3 

0 

4 

0.08 

17-18 

80 

44 

49 

25.6 

0 

3 

17-18 

80 

27.O 

0 

3 

16-17 

80 

51 

40.0 

0 

3 

0.04 

17-18 

80 

54 

41.5 

0 

2 

80 

55 

33-5 

80 

*  At 

20  psl  + 

1  min  30 

sec  the 

effluent 

totamitor  peaked  at 

a 

reading  of 

14. 

Schedule: 


Mir  ate  a  Water,  gpm 

0-34  0.002 

34-49  0.2 

49-51  0.2 


Solide,  g/min 

5.72 

5.72 
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TABLE  133  .  SINGLE -ELEMENT  LOOP  TEST  NO.  273  Date:  5  March  1969 


Loop  no.  3(Al/SS) 


Housing:  8"  I  D  Aluminum 

Element:  Pram  Lot  l4,DoD  Type 
Canister:  Type  1 


Procedure  no.  13 “A 

Water:  Filtered  Tap  Water 

Solids:  Coarse  AC  Lust 


Fuel  flow,  gpm 

Fuel  inlet  temperature,  °F 

Fuel  inlet  pressure,  psi 


Water  injection  schedule:  0,002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5*72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5.72  g/min  to  end  of  test. 

Test  fuel  JP-5  batch  no.  24  *  fresh,,  clay  treated 

Date  blended  with  additives:  5  March  1969 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor  16  lb/Mbbl,  AFA-1  ,  Lot  37 


Test  duration,  min  50 

Fuel  throughput,  gal  1000 
Average  rate,  gpm  20.0 


Time 

Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 


0  min 
300 
2 
1 


Calculated  dirt  loading,  g  200 
Actual  element  weight  gain,  g  171 


End  Test 
1300 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-test 

WSIM,  distilled  water  93  69 

IFT,  distilled  water,  dyn/cm  46.9  22.5 


Post-test 

77 

22.8 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post-test 

0.2 

7.5 

72.3 
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TABLE  133.  SINGLE -ELEMENT  LOOP  TEST  NO.  Ill  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent, 

mu /liter 

Influent  fuel 

min 

P»i 

Infl 

Effl 

Solid* 

Free  water 

temoerature.*F 

0 

4.4 

0 

0 

80 

5 

5.0 

0 

0 

0.13 

0-1 

80 

10 

6.1 

0 

0 

80 

15 

3.5 

0 

0 

80 

20 

11.5 

0 

0 

8o 

25 

14.5 

0 

0 

8o 

30 

17.6 

0 

0 

80 

32 

::c.o 

0 

0 

0.11 

8-9 

80 

37 

24.8 

0 

1 

0.05 

9-10 

80 

42 

25  >6 

0 

1 

11-12 

80 

47 

26.4 

0 

1 

15-16 

8o 

50 

40.0 

0 

1 

0.19 

18-19 

80 

52 

40.0 

0 

1 

80 

53 

31.5 

0 

1 

8o 

Schedule:  Minutes 

Water,  gpm 

Solids,  g/min 

0-32 

0.002 

5.72 

32-47 

0.2 

- — _ 

47-50 

0.2 

5.72 
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TABLE  134.  SINGLE -ELEMENT  LOOP  TEST  NO.  274 
Date:  6  March  1969 


Loop  no.  3  (Al/SS) 


Procedure  no.  13-A 
Water:  Filtered  Tap  Wat«r 
Solid*:  Coarse  AC  Dust 

Water  injection  schedule:  0.002  gpm 
0.2  gpm  to  end  of  test. 


8"  I  D  Aluminum 
Bendix, Part  No.  045800-04 
DoD  Type  1 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 

Fuel  inlet  pressure,  psi  70 


from  0  min  to  20  psi,  then 


Housing: 

Element: 

Canister: 


Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5.72  g/min  to  end  of  test. 


Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  6  March  1969 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor  16  lb/Mbbl,  AFA-1  ,  Lot  37 


Test  duration,  min  55 

Fuel  throughput,  gal  IO96 

Average  rate,  gpm  19*9 


Calculated  dirt  loading,  g  229 

Actual  element  weight  gain,  g  225 


Time  0  Min 

Meter  reading,  gal  300 

Screen  AP,  psi  ^ 

Cleanup  AP,  psi  ' 


End  Test 
1396 
2 
1 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test  Post-Test 

WSIM,  distilled  water  99  68  52 

IFT,  distilled  water,  dyn/cm  *6.1  22.1  22.6 


Analyses  On  injection  water: 
Time 

Solids,  mg /liter 
pH 

ST,  dyn/cm 


P^st-Test 
Neg 
7.5 
70.  b 


TABLE  134.  SINGLE -ELEMENT  LOOP  TEST  NO.  274  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent, 

mst /liter 

Influent  fuel 

min 

psl 

Infl 

Effl 

Solids 

Free  water 

temperature.0 

0 

4.0 

0 

0 

80 

5 

4.5 

0 

1 

0.19 

0-1 

80 

10 

5.3 

0 

0 

80 

15 

6.2 

0 

0 

80 

20 

8.5 

0 

0 

80 

25 

11.0 

0 

0 

30 

30 

12.9 

0 

0 

80 

•SR 

•»* 

16.6 

0 

0 

80 

38 

20.0 

0 

0* 

0.03 

11-12 

80 

43 

25.2 

0 

1 

0.06 

14-15 

30 

48 

26.4 

0 

1 

14-15 

80 

53 

27.3 

0 

1 

18-19 

80 

55 

40.0 

0.11 

13-19 

80 

57 

42.3 

30 

58 

30.5 

♦Peak 

of  3  reached 

at  20 

psi  + 

1  min  30  sec 

Schedule: 


Minutes 

0-38 

38-53 

53-55 


0.002 

0.2 

0.2 


TABLE  135.  SINGLE -ELEMENT  LOOP  TEST  NO.  275 
Date:  10  March  1969 


Loop  no.  3(A1/SS) 


Housing:  8”  I  D  Aluminum 
Element:  Bowser,  Part  No,  A-I389-B 
Canister:  EoD  Type  1 


Procedure  no.  13-A 
Water:  Filtered  Tap  Water 

Solids:  Coarse  AC  Dust 


Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 

Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5.72  g/min  to  end  of  test. 


Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  10  March  1969 
Anti -icing  additive  0.  15  vol  %,  Dow,  Lot  02268l6 
Corrosion  inhibitor  ik/mkw  AFA-1 


lb/Mbbl, 


,  Lot  37 


Test  duration,  min  57 

Fuel  throughput,  gal  11^7 
Average  rate,  gpm  20 


20.1 


Calculated  dirt  loading,  g  246 
Actual  element  weight  gain,  g  248 


Time 

Meter  reading,  gal 
Screen  AP,  pai 
Cleanup  AP,  psi 


0  Min 

299 

2 

1 


End  Test 
1446 
2 


Analyses  on  influent  fuel: 

Time  Po 

WSIM,  distilled  water 
1FT,  distilled  water,  dyn/cm 


Post  Clay  Filter  Pre-Test  Post-Test 


Analyses  on  injection  water: 
T  ime 

Solids,  mg/liter 
SI ,  dyn/cm 


Post  Test 
0.1 
7.4 
72.1 


2?* 


a 


TABLE  135.  SINGLE -ELEMENT  LOOP  TEST  NO.  275  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent, 

mg /liter 

Influent  fuel 

min 

EL1- 

Infl 

Effl 

Solids 

Free  water 

temnerature.'F 

0 

4.6 

0 

0 

80 

5 

4.9 

0 

0 

0.09 

0-1 

80 

10 

5.5 

0 

0 

30 

15 

6.3 

0 

0 

80 

20 

7.9 

0 

0 

80 

25 

9.5 

0 

0 

80 

30 

10.8 

0 

0 

80 

35 

12.4 

0 

0 

80 

4o 

18.5 

0 

0 

80 

41 

20.0* 

0 

0 

0.07 

9-10 

80 

46 

28.6 

0 

4 

0.04 

1O-20 

80 

51 

29.8 

0 

4 

20+ 

80 

56 

30.9 

0 

4 

20r+ 

80 

57 

40.0 

0 

4 

0.13 

20++ 

8o 

59 

42.5 

0 

4 

8o 

60 

35.6 

0 

4 

30 

*A  peak  of  7  was 

reached 

at  20 

psl  +  1  min. 

Schedule: 

Minutes 

Water,  gpm 

Solids,  g/min 

0-41 

0.002 

5.72 

41-56 

0.2 

56-57 

0.2 

5-72 
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TABLE  136.  SINGLE -ELEMENT  LOOP  TEST  NO.  276 
Date:  12  March  1969 


Loop  no.  3(A1/SS) 


Procedure  no.  13-A 
Water:  Filtered  Tap  Water 

Solid*:  Coarse  AC  Dust 


Housing:  9"  I  D  Aluminum 
Element:  Filter  Inc.  14208  Lot  465 
Canister:  ^oD  Type  1 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 

Fuel  inlet  pressure,  psi  TO 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 


Solids  injection  schedule:  5. 72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5. 72  g/min  to  end  of  test. 


Test  fuel  jp-5  batch  no.  24  .  reused,  clay  treated 

Date  blended  with  additives:  11  March  1969 

Anti-icing  additive  0.  1 5  vol  %,  Dqw,  Lot  0226016 

Corrosion  inhibitor  l6  lb/Mbbl,  AFA-1  ,  Lot  37 


Test  duration,  min  67 

Fuel  throughput,  gal  1340 
Average  rate,  gpm  ~'J 


Calculated  dirt  loading,  g  297 

Actual  element  weight  gain,  g  291 


iime  0  Min  End  Test 

Meter  reading,  gal  300  1640 

Screen  AP,  psi  2  2 

Cleanup  AP,  psi  1  1 


Analyses  on  influent  fuel* 

Time  Post  Clay  Filter 

WSIM,  distilled  waser  96 

IFT,  distilled  water,  dyn/cm  ^5*9 


Pre-Test  Post-Test 
70  70 

22.5  22.5 


Analyses  on  injection  water: 
Time 

Solid*,  mg  /liter 
pH 

ST,  dyn/cm 


Post-Test 

0.1 

7.6 

71.7 
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TABLE  136.  SINGLE -ELEMENT  LOOP  TEST  NO.  276  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent. 

ms /liter 

Influent  fuel 

min 

2SL_ 

Infl 

Eul 

■®olida 

Free  water 

temperature.  *F 

0 

3.4 

0 

0 

• 

80 

5 

4.i 

0 

0 

0.06 

1-2 

80 

10 

4.1 

0 

0 

80 

15 

4.2 

0 

0 

80 

20 

4.5 

0 

0 

80 

25 

4.8 

0 

0 

80 

30 

5.3 

0 

0 

80 

35 

6.6 

0 

0 

80 

40 

9.1 

0 

0 

8o 

45 

14.8 

0 

0 

80 

Ho 

20.0 

0 

0 

0.02 

4-5 

80 

5^ 

25.2 

0 

0 

0.09 

5 

80 

59 

26.5 

0 

0 

6-7 

80 

64 

28.8 

0 

0 

20 

80 

67 

40.0 

0 

0 

0.09 

20 

30 

69 

41.3 

0 

0 

80 

70 

38.5 

0 

0 

8o 

Schedule: 


Minutse  Water,  gpm  Solid*,  g/min 


2.11 


TABLE  137.  SINGLE -ELEMENT  LOOP  TEST  NO.  Ill 
Date:  13  March  1969 


Loop  no.  3 (Al/SS) 


Procedure  no.  13-A 
Water:  Filtered  Tap  Water 
Solid*:  Coarse  AC  Dust 


Housing:  8"  I  D  Aluminum 

Element:  Bowser,  Part  No.  A-I389-B 
Canister:  DoD  Type  1 


Fuel  flow,  gpm 

Fuel  Inlet  temperature,  *F 

Fuel  inlet  pressure,  psi 


tu 

80 

70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5*72  g/min  to  end  of  test. 

Test  fuel  JP-5  batch  no.  24  .  reused,  clay  treated 

Date  blended  with  additives:  13  March  1969 

Anti-icing  additive  0.15  vol  Dow,  Lot  02268  16 

Corrosion  inhibitor  l6  lb/Mbbl,  AFA-1  ,  Lot  37 


Test  duration,  min 
Fuel  throughput,  gal 
Average  rate,  gpm 

Time 

Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 


53 

1057 


0  Min 
299 
2 
1 


Calculated  dirt  loading,  g 
Actual  element  weight  gain,  g 


End  Test 
1356 
2 
1 


217 

203 


Analyses  on  influent  fuel: 
Time 

WSIM,  distilled  water 


Post  Clay  Filter 
95 


IFT,  distilled  water,  dyn/cm 


^5  •  3 


Pre-Test 

50 

22.5 


Post-Test 

69 

21.7 


Analyses  on  injection  water: 
Time 

Solids,  mg /liter 
pH 

ST,  dyn/cm 


Post-Test 

Neg 

7.7 

71.3 
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TABLE  13  7.  SINGLE -ELEMENT  LOOP  TEST  NO.  277  (Cont'd) 


Time,  AP,  Totamitor 

min  pii  Infl  Effl 


Effluent,  mg/lit er 
Solids  Free  water 


Influent  fuel 


0  4.5  0  0 

5  4.8  0  0 

10  6.3  0  0 

15  7.8  0  0 

20  10.4  0  0 

25  11.7  o  0 

30  14.5  0  0 

5  20.0  0  1 

0  22.5  o  9 

45  23a  0  8 

50  23.6  0  8 

52  40.0  0  19* 

55  38.8  0  9 

56  32.5  0  1 


80 

0.05 

0-1 

80 

80 

80 

80 

80 

80 

0.05 

20 

80 

0.  l4 

20-H- 

80 

20+-H- 

30 

20+++ 

80 

0.07 

20+++ 

80 

80 

30 

*  Peak  of  19  reached  at  20  psi  plus  17  min  30  sec. 


TABLE  138.  SINGLE -ELEMENT  LOOP  TEST  NO.  278 


Date :  1 

Loop  no.  3 (Al/SS) 


Procedure  no.  13-A 
Water:  Filtered  Tap  Water 

Solid*:  Coarse  AC  Dust 

Water  injection  schedule:  0.002  gpm 
0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5*72 


March  1969 

Housing:  8”  I  D  Aluminum 
Element:  Filter  Inc,  14208  Lot  465 
Canister:  DoD  Type  1 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *  F  70 
Fuel  inlet  pressure,  psi  80 

from  0  min  to  20  psi,  then 


Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  17  Feb  19&9 
Anti -icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  ^  lb/Mbbl,  AFA-1  ,  Lot 


Test  duration,  min  69 
Fuel  throughput,  gal  1381 
Average  rate,  gpm 

Time  0  Min 

Meter  reading,  gal  300 

Screen  AP,  psi  ^ 

Cleanup  AP,  psi 


Calculated  dirt  loading,  g  315 

Actual  element  weight  gain,  g  316 


End  Test 
1681 
2 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter 

WSIM,  distilled  water  95 

IFT,  distilled  water,  dyn/cm  46.3 


Pre-Test 

68 

22.4 


Post-Test 

67 

22.4 


Analyses  on  injection  water: 
Timn 

Solids,  mg /liter 
pH 

ST,  dyn/cm 


Post-Test 

Neg 

7.9 

71.1 
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TABLE  138.  SINGLE- ELEMENT  LOOP  TEST  NO.  278  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent,  ms/liter  Influent  fuel 

min 

filL. 

Infl 

Effl 

Solids 

Free  water  temperature.  °F 

0 

3-9 

0 

0 

5 

3.9 

0 

0 

0.12 

1-2 

10 

5.1 

0 

0 

15 

5.4 

0 

0 

20 

4.6 

0 

0 

25 

5.0 

0 

0 

30 

5.7 

0 

0 

35 

6.6 

0 

0 

4o 

8.1 

0 

0 

45 

10.5 

0 

0 

50 

15.4 

0 

0 

53 

20.0 

0 

0* 

0.18 

7-8 

58 

63 

26.5 

0 

1 

0.05 

10-11 

28.3 

0 

1 

68 

30.4 

0 

1 

69 

40.0 

0 

1 

0.08 

20 

71 

41.7 

0 

1 

17-18 

72 

38.5 

0 

1 

*A  peak  of  1  began 

at 

20  psl  +  45 

sec  and 

remained  throughout  the  test. 

Schedule: 


Minutes  Water,  gpm  Solids,  g/min 
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TABLE  139.  SINGLE -ELEMENT  LOOP  TEST  NO.  279 
Date:  28  March  1969 


Loop  no.  3(A1/SS) 


Housing:  8"  I  D  Aluminum 
Element:  Bendix.Part  No.  045800-04 
Canister:  DoD  Type  1 


Procedure  no.  13-A 
Water:  Filtered  Tap  Water 
Solids:  Coarse  AC  Dust 


Fuel  {low,  gpm 

Fuel  inlet  temperature,  *F 

Fuel  inlet  pressure,  psi 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psl,  then 
0.2  gpm  to  end  of  test. 


Solids  injection  schedule:  5.72  g/mln  from  0  min  to  20  psl,  then 
discontinue  15  min,  then  5.72  g/min  to  end  of  test. 


Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  28  March  1969 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  16  lb/Mbbl,  AFA-1  ,  Lot  37 


Test  duration,  min 
Fuel  throughput,  gal 
Average  rate,  gpm 


Calculated  dirt  loading,  g  217 
Actual  element  weight  gain,  g  216 


Time 

Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 


0  Min 
300 
2 
1 


Analyses  on  influent  fuel: 

Time  p0 

WS1M,  distilled  water 
IFT,  distilled  water,  dyn/cm 


End  Test 
1346 
2 


Post  Clay  Filter  Pre-Test  Post-Test 


Analyses  on  injection  water: 
Time 

Solids,  mg /liter 
PH 

ST,  dyn/cm 


Post-Test 

0.4 

7.5 

72,1 


« 


TABLE  J.39.  SINGLE -ELEMENT  LOOP  TEST  NO.  279  (ContM) 


Time, 

AP, 

Totamitor 

Effluent. 

ms /liter 

Influent  fuel 

min 

£!i_ 

Inf) 

Effl 

Solid* 

Free  water 

temperature.  *F 

0 

3-8 

0 

0 

30 

5 

4.4 

0 

0 

0.13 

1-2 

80 

10 

5.3 

0 

0 

80 

15 

7.3 

0 

0 

80 

20 

9.4 

0 

0 

80 

25 

11.7 

0 

0 

80 

30 

14.9 

0 

0 

80 

35 

18.9 

0 

0 

80 

36 

20.0 

0 

0 

0.06 

9-10 

80 

41 

28.3 

0 

1 

0.01 

11-12 

30 

46 

29-3 

0 

1 

11-12 

80 

51 

29.9 

9 

2 

17- IS 

80 

52 

40.0 

0 

2 

0.13 

17-13 

80 

54 

42.3 

0 

2 

80 

55 

33.0 

0 

2 

80 

Schedule: 

Minute* 

Water,  gpm 

Solid*,  g/min 

0-36 

0.002 

5.72 

36-51 

0.2 

51-52 

0,2 

5.72 
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TABLE  140.  SINGLE -ELEMENT  LOOP  TEST  NO.  280 


Date: 

Loop  no.  3(A1/SS) 


Procedure  no.  13-A 

Water:  Filtered  Tap  Water 

Solids:  Coar3e  AC  Dust 


1  April  1969 

Housing:  8”  ID  Aluminum 

Element:  Fram.Lot  14 

Canister:  DoD  Type  1 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 

Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0,002  gpm  from  0  min  to  20  psi,  then 
0,2  gpm  to  end  of  test. 


Solids  injection  schedule:  5*72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to  end  of  test. 


Test  fuel  JP-5  batch  no.  24  .reused,  clay  treated 
Date  blended  with  additives:  1  April  1969 

Anti-icing  additive  0.15 
Corrosion  inhibitor  1° 


Test  duration,  min 
Fuel  throughput,  gal 
Average  rate,  gpm 


Time 

Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 


lb/Mbbl, 

AFA-1  ,  Lot 

57 

46 

Calculated  dirt  loading,  g 

177 

919 

Actual  element  weight  gain,  g 

170 

19-9 

0  min 

End  Test 

300 

1215 

2 

2 

2 

1 

Analyses  on  influent  fuel: 

Time  Post  Clay  Filter 

V'SIM,  distilled  water  98 

IFT,  distilled  water,  dyn/cm  46.7 


Pre-Test  Post  Test 
80  82 

20.8  21.2 


Analyses  on  injection  water: 
Time 

Solids,  mg /liter 

pH 

ST,  dyn/cm 


Port  Test 
0.0 
7.5 
70.6 


in 


TABLE  140.  SINGLE-ELEMENT  LOOP  TEST  NO.  280  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent, 

ms /liter 

Influent  fuel 

min 

KgjS 

mjjM 

Eg 3 

Free  water 

temnerature.*F 

0 

4.2 

0 

0 

80 

5 

4.8 

0 

1 

0.16 

0-1 

80 

10 

5.6 

0 

1 

8o 

15 

8.2 

0 

1 

80 

20 

11.1 

0 

0 

80 

25 

15.4 

0 

0 

8o 

29 

20.0 

0 

0 

0.10 

9-10 

80 

34 

29.1 

0 

1 

0.19 

9-10 

8o 

39 

29.6 

0 

1 

11-12 

80 

44 

30.4 

0 

2 

20 

80 

46 

40.0 

0 

2 

0.06 

20 

8o 

46 

41.5 

0 

2 

80 

49 

31.5 

0 

2 

8o 

*  Peak 

of  4  reached  at 

20  psl 

+  1  min. 

TABLE  141.  SINGLE -ELEMENT  LOOP  TEST  NO.  281 
Date:  2  April  1969 


Loop  no.  3(A1/SS) 


Procedure  no,  13-A 
Water,  Filtered  Tap  Water 

Solid* :  Coarse  AC  Duet 


Housing:  8"  ID  Aluminum 

Element?  Fr«umT.ot  14 

Canister:  DoD  Tyne  1 


Fuel  flow,  gpm 

Fuel  inlet  temperature,  *F 

Fuel  inlet  pressure,  psi 


20 

70 

8o 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 


Solids  injection  schedule:  5*7?  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5*72  g/min  to  end  of  test. 


Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 
Date  blended  with  additives:  2  April  19 69 
Anti-icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  l6  lb/Mbbl,  AFA-1  ,  Lot  37 


48  Calculated  dirt  loading,  g  194 

966  Actual  element  weight  gain,  g  l8C 

20.1 


Test  duration,  min 
Fuel  throughput,  gal 
Average  rate,  gpm 

Time 

Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 

Analyses  on  influent  fuel: 

Time 


0  min 
300 
2 


Post  Clay  Filter 


End  Test 
1266 
2 
1 


Pre-Test  Post  Test 

77  86 

22.5  22.1 


WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


22.1 


Analyses  on  injection  water: 

Time 

Sol  id  a,  mg/liter 

pH 

ST,  dyn/cm 


Post  Test 
0.1 

7.7 

71.7 
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TABLE  141.  SINGLE -ELEMENT  LOOP  TEST  NO.  281  (Cont'd) 


Totamitor 


E 


Effluent,  mg /liter 


Free  water 


Influent  fuel 
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Test  time,  minute* 


SINGLE -ELEMENT  LOOP  TEST  NO.  282 
Date:  3  April  1969 

Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  I420S  Lot  465 

Canister:  DoD  Type  1 

Procedure  no  13”A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  o0 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi 

Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5*72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to  end  of  test. 


TABLE  142. 
Loop  no.  3(A1/SS) 


Test  fuel  jp-5  batch  no.  24  .  reused,  clay  treated 

Date  blended  with  additives:  3  April  19^9 

Anti -icing  additive  0,15  vol  Dow*  Lot  02268  l6 

Corrosion  inhibitor  l6  l'b/Mbbl,  \FA  -1  » Lot  37 


Test  duration,  mir  58 

Fuel  throughout,  gal  1J-52 

Averag*  rate,  gp.n  -  * 

\ 

Time  0  min 

Meter  reading,  gal  300 

Screen  AP,  psi  ^ 

Cleanup  AP,  psi 


Calculated  dirt  loading,  g  292 

Actual  element  weight  gain,  g  297 


End  Test 

1452 

o 

i 


Analyse*  on  influent  fuel: 

Time  1  Post  Clay  Filter  Pre-Test  Post  Test 

WSIM,  distilled  water  97  75  72 

IFT,  distilled  water,  dyn/cm  45.5  22.3  22.5 


Analyses  cn  injection  r- 
Time 

Solids,  mg /liter 
pH 

ST,  dyn/cm 


Post  Test 
0.1 
7.9 
71.5 
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TABLE  142.  SINGLE-ELEMENT  LOOP  TEST  NO.  282  (Cont'd) 


Time,  AP,  Totamitor 

min  psi  Infl  Effl 


Effluent,  mg /liter 
Solids  Free  water 


Influent  fuel 


0  3.4  0  0 

5  3.8  0  0 

10  3.8  0  0 

15  4.1  0  0 

20  4.4  0  0 

25  4.6  0  0 

30  5.1  0  0 

3  6.0  0  0 

o  7.6  o  o 

45  10.3  0  ■  0 

51  20.0  0  0 

56  28.5  0  0 

58  40.0  0  0 

6o  41.5  0  0 

62  35.0  0  0 


80 

0.09 

0-1 

80 

80 

80 

80 

80 

80 

80 

30 

80 

0.10 

9-10 

8o 

0.12 

9-10 

80 

0.08 

80 

80 

80 
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TABLE  143.  SINGLE-ELEMENT  LOOP  TEST  NO.  283 
Date:  4  April  1969 

Loop  no.  3(A1/SS)  Houaing:  8  '  ID  Aluminum 

Element:  Eowser.Part  No.  A-I389-B 

Canieter:  DoD  Type  1 

Procedure  no.  13 “A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  80 

Solida:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 


Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5*72  g/min  to  end  of  test. 

Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  4  April  I969 

Anti-icing  additive  0.15  V°1  Dow,  Lot  Q2268  l6 

Corrosion  inhibitor  l6  lb/Mbbl,  AFA-1  ,  Lot  37 


Test  duration,  min  58 

Fuel  throughput,  gal  H39 
Average  rate,  gpm  19 


Calculated  dirt  loading,  g  246 
Actual  element  weight  gain,  g  226 


Time 

Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 


0  min 

297 

2 

1 


End  Test 
1436 
2 


1 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test  Post  Test 

WSIM,  distilled  water  97  78  66 

IFT,  distilled  water,  dyn/cm  45.1  22.5  22,3 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post  Test 
0.4 
7.5 
71.6 


TABLE  143.  SINGLE -ELEMENT  LOOP  TEST  NO.  283  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent. 

me /liter 

Influent  fuel 

min 

jaai _ 

Infl  Bffl 

Solid* 

Free  water 

temperature.  °F 

0 

4.0 

0  0 

80 

5 

5.0 

0  0 

0.12 

1-2 

80 

10 

6.5 

0  0 

80 

115 

8.0 

0  0 

80 

20 

9.5 

0  0 

80 

25 

11.5 

0  0 

80 

30 

12.3 

0  0 

80 

35 

14.0 

0  0 

80 

4o 

18.8 

0  2 

80 

41 

20.0 

0  25* 

0.11 

20+ 

80 

46 

28.0 

0  25 

0.07 

20+++ 

80 

51 

29.6 

0  19 

20+++ 

80 

56 

30.7 

0  14 

20+++ 

80 

58 

4o.o 

0  32 

0.18 

20+++ 

80 

59 

44.0 

0  100** 

80 

*  Peak  of  38  reached  at  20  psi  +  2  min. 

*  Probable  rupture  of  element. 


Schedule:  Minutes 

Wjtf.TAae™ 

Solids,  g/min 

0-4l 

0.002 

5.72 

41-56 

0.2 

56-58 

0.2 

5.72 

Teat  time,  minute* 


245 


TABLE  144.  SINGLE -ELEMENT  LOOP  TEST  NO.  284  (Cont'd) 


Time, 

AP, 

Totamitor 

min 

ESJL 

Infl 

Effl 

0 

4.0 

0 

0 

5 

4.6 

0 

1 

10 

5.5 

0 

0 

15 

7.5 

0 

0 

20 

9.6 

0 

0 

25 

12.3 

0 

0 

30 

15.4 

0 

0 

34 

20.0 

0 

0 

39 

24.3 

0 

0 

44 

24.6 

0 

1 

49 

25.0 

0 

1 

52 

40.0 

0 

1 

54 

41.4 

0 

1 

55 

31.5 

0 

1 

Effluent,  mg /liter 
Solid*  Free  water 


0.23 


0.06 

8-9 

0.05 

10-11 

8-9 

9-10 

0.06 

20+ 

TABLE  145.  SINGLE -ELEMENT  LOOP  TEST  NO.  285 

Date:  8  April  1969 


Loop  no,  3(A1/SS) 


Procedure  no.  13-A 

Water:  Filtered  Tap  Water 

Solids:  Coarse  AC  Dust 


Housing:  3"  ID  Aluminum 

Element:  Bendix.Part  No.  045800-04 

Canister:  Do&  TyPe  1 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 
Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gym  to  end  of  test. 


Solids  injection  schedule:  5„72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5*72  g/min  to  end  of  test. 


Test  fuel  jp-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  8  April  1969 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  16  lb/Mbbl,  AFA-1  ,  Lot  37 


Test  duration,  min  50 

Fuel  throughput,  gal  1009 

Average  rate,  gpm  20.2 

Time  0  min 

Meter  reading,  gal  300 

Screen  AP,  psi  2 

Cleanup  AP,  psi 


Calculated  dirt  loading,  g  206 

Actual  element  weight  gain,  g  192 


End  Test 
1309 
2 
1 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test 

WSIM,  distilled  water  99  70 

IFT,  distilled  water,  dyn/cm  44.2  22.9 


Post  Test 

53 

22.7 


Analyses  on  injection  water: 
T  ime 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post  Test 
0.1 
8.1 
69.6 


TABLE  145.  SINGLE -ELEMENT  LOOP  TEST  NO.  285  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent. 

mi /liter 

Influent  fuel 

min 

EiL. 

Infl 

Effl 

Solid* 

Free  water 

temperature.  *F 

0 

3 .? 

0 

0 

80 

5 

4.4 

0 

2 

0.18 

0-1 

80 

10 

5.1 

0 

1 

80 

15 

7.5 

0 

0 

80 

20 

10.3 

0 

0 

80 

25 

14.2 

0 

0 

80 

30 

18.0 

0 

0 

80 

33 

20.0 

0 

0 

0.07 

18-19 

80 

P 

25.9 

0 

0 

0.08 

17-18 

80 

43 

27.2 

0 

0 

17-18 

80 

48 

28.2 

0 

0 

20 

80 

50 

4o.o 

0 

0 

0.03 

18-19 

80 

52 

42.1 

0 

0 

8o 

54 

29.8 

0 

0 

80 

Schedule:  Minute* 

Water,  gpm 

Solids,  g/min 

0-33 

0.002 

5.72 

33-48 

0.2 

48-50 

0.2 

5.72 

0  20  40  60  80  100  120 

Test  time,  minute* 


249 


TABLE  146.  SINGLE -ELEMENT  LOOP  TEST  NO.  286 
Date:  14  April  1969 

Loop  no.  3(A1/S3)  Housing:  8''  ID  Aluminum 

Element:  Bowser,  A-1389-B 

Canieter:  DoD  Type  1 

Procedure  no.  13-A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  80 

Solid*:  Coarse  AC  Dust  Fuel  inlet  pressure,  p*i  70 

Water  injection  *chedulf: 0.002  gpm  from  0  min  to  20  psi,  then, 

0.2  gpm  from  20  psi  to  end  of  test. 

Solid*  injection  *chedule:  5 .72  g/min  from  0  min  to  20  psi,  then, 

0  g/min  from  20  psi  to  20  psi  +  15  min,  then  5*72  g/min 
to  end  of  test, 

Teit  fuel  jp-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additive*:  l4  April  19 69 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  ^-6  lb/Mbbi,  AFA-1  ,  Lot  37 

Teat  duration,  min  55  Calculated  dirt  loading,  g  229 

Fuel  throughput,  gal  H01  Actual  element  weight  gain,  g  212 

Average  rate,  gpm  20.0 


Time  0  min  End  Test 

Meter  reading,  gal  295  1396 

Screen  AP,  psi  2  2 

Cleanup  AP,  pai  ^  ^ 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test  Post  Test 

WSIM,  distilled  water  07  65  72 

1FT,  distilled  water,  dyn/cm  44.3  22.5  22,4 

Analyses  on  injection  water: 

T  im« 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post  Test 
0.1 
7.9 
70.7 


TABLE  146.  SINGLE-ELEMENT  LOOP  TEST  NO.  286  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent. 

ms /liter 

Influent  fuel 

min 

21 i_ 

Infl 

Effl 

Solid* 

Free  water 

temperature.  *F 

0 

5.0 

0 

0 

80 

5 

5.5 

0 

0 

0.26 

* 

80 

10 

5.5 

0 

0 

9-10 

Go 

15 

8.5 

0 

0 

8-9 

So 

20 

9.5 

0 

0 

7-8 

80 

25 

10.5 

0 

0 

7-3 

80 

30 

12.5 

0 

0 

9-9 

80 

35 

15.8 

0 

0 

7-8 

80 

jj® 

20.0 

0 

1 

0.28 

18-19 

80 

43 

27.7 

0 

1 

0.17 

20+ 

80 

48 

23.5 

0 

2 

15-16 

80 

53 

30.2 

0 

2 

20+ 

80 

55 

4o.o 

0 

3 

0.09 

20+++ 

80 

57 

42.0 

80 

*  AEL  pads  not  readable. 


Schedule: 


Minute b  Water,  gpm 

C-38  0.002 

38-53  0.2 

53-55  0.2 


Solids,  g/min 

5.72 

5.72 


TABLE  147.  SINGLE-ELEMENT  LOOP  TEST  NO.  287 
Date:  15  April  1969 


Loop  no.  3(A1/SS) 


Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  14208  Lot  465 

Canister:  DoD  TyPe  1 


Procedure  no.  13-A 
Water:  Filtred  Tap  Water 
Solid*'  Coarse  AC  Dust 


Fuel  flow,  gpm 

Fuel  inlet  temperature,  *F 

Fuel  inlet  pressure,  nsi 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 


Solid*  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5*72  g/min  to  end  test. 

Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 
Date  bltnded  with  additives:  15  April  19^9 
Anti-icing  additive  0.15  vol  7o.  Dow,  Lot  02268  l6 

Corrosion  inhibitor  l6  lb/Mbbl,  AFA-1  .  Lot  37 


Test  duration,  min 
Fuel  throughput,  gal 
Average  rate,  gpm 


51 

1016 

19.9 


Calculated  dirt  loading,  g  200 

Actual  element  weight  gain,  g  202 


Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 


0  min 

298 


Analyses  on  influent  fuel: 

Time 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


End  Test 
1314 
2 
1 


Post  Clay  Filter  Pre-Test  Post  Test 


Analyses  on  injection  water: 
T  ime 

Solids,  mg/liter 

pH 

ST,  dyn/cm 


Post  Test 
0.2 
7.9 

71.6 


TABLE  147.  SINGLE -ELEMENT  LOOP  TEST  NO.  287  (Cont*d) 


Time,  AP,  Totamitor 

min  p»i  Infl  Effl 


Effluent,  mg /liter 
Sol  id  a  Free  water 


Influent  fuel 


0 

3.7 

0 

0 

80 

5 

3.7 

0 

0 

0.20 

4-5 

80 

10 

4.0 

0 

0 

2-3 

80 

15 

4.2 

0 

0 

80 

20 

5.1 

0 

0 

80 

25 

6.9 

0 

0 

80 

30 

11.1 

0 

0 

80 

34 

20.0 

0 

0 

0.25 

16-17 

80 

^9 

Y  f 

27.9 

0 

0 

Neg 

20 

30 

1*4 

30.0 

0 

0 

19-20 

80 

49 

32.3 

0 

0 

20+ 

80 

51 

4o.o 

0 

0 

Neg 

20 

80 

53 

41.5 

0 

0 

80 

54 

38.3 

0 

0 

GO 

Schedule: 


Minute  a 

0-3^ 

34-49 

49-51 


0.002 

0.2 

0.2 


Solida.  a/min 


5.72 


5.72 


ISStfSSJlMSfa55SnSSS5SSSSSS£S5a5M5SSSS*SSSS^SSSS5SSSij>SSSSi 

ttwwMMwmiwiHieMiwiaai— — a—— — ai 


iiilIiiiiimiiiKUiiiiinHHmiiuii 

j!Him!!S!!!M!ltl!!lll|llllii 


ha.cMM.aa.  *«««••  «< 

Haaajtww*  ••  -  aaiaaatfa^H  . 

'a»*aa«»e  ■■■*.*■« 

seal 


l«a>«a>»  •«#«(••••»  ****»  — ■»««*»«»  «■»«»«»  a»3K>«fca»^>  «*«»«■  aw  a**#* 

«••••••«••«■•#  mrnmmmm  mmimm  mmrnmmm  mmmmm  mmmmm n 

mmmmmm  mmmmm  *■**•  +m  mmmm  mfm  mmmm  mmmmm  mmmmm  mmmm  mmmmrnmmmmmm  mmmmm  « 

•••••  mmmmm  mmmmm  i 

B»»im>H»l»l«i»llMIMllll 

liiiiiiiifiiHiiimiiiimi 


iiimuimi 


40  40  10 

Teat  time,  minutaa 


TABLE  148.  SINGLE -ELEMENT  LOOP  TEST  NO.  288 
Date:  16  April  1969 


Loop  no.  3 (Al/SS) 

Housing: 

8"  ID  Aluminum 

Element: 

Pram,  Lot  1.4 

Canister: 

DoD  Type  1 

Procedure  no.  13--A 

Fuel  flow, 

gpm 

20 

Water:  Filtered  Tap  Water 

Fuel  inlet  temperature,  °F 

Qo 

Solids:  Coarse  AC  Dust 

Fuel  inlet  pressure,  psi 

70 

Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5 .72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to  end  of  test. 

Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  l6  April  1969 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  02263  l6 

Corrosion  inhibitor  l6  lb/Mbbl,  AFA-1  ,  Lot  37 

Test  duration,  min  45  Calculated  dirt  loading,  s[  172 


Fuel  throughput,  gal  900 

Average  rate,  gpm  20.0 

Actual  element  weight  gain,  g 

157 

Time  0  min 

Meter  reading,  gal  300 

Screen  AP,  psi  2 

Cleanup  AP,  psi 

End  Test 
1200 

2 

1 

Analyses  on  influent  fuel: 

Time 

WSIM,  disti’led  water 

IFT,  distilled  water,  dyn/cm 

Post  Clay  Filter 
95 

43.1 

Pre-Test 

36 

23-3 

Post  Test 
34 

22.9 

Analyses  on  injection  water 

Time 

Solids,  mg/liter 
pH 

Post  Test 
0.0 
7.4 

TABLE  148.  SINGLE -ELEMENT  LOOP  TEST  NO.  288  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent, 

mg /liter 

Influent  fuel 

min 

ssL. 

Infl 

Effl 

Solids 

Free  water 

temperature. 8  F 

0 

4..1 

0 

0 

30 

5 

4.7 

0 

1 

0.02 

1-2 

80 

10 

6.1 

0 

1 

3-4 

80 

15 

8.8 

0 

0 

80 

20 

12.8 

0 

0 

30 

25 

16.4 

0 

0 

8o 

28 

20.0 

0 

0 

Neg 

16-17 

80 

33 

26.1 

0 

1 

0.33 

18-19 

8o 

25.4 

0 

1 

17-18 

80 

43 

26.5 

0 

1 

20 

80 

45 

40.0 

0 

1 

0.26 

20 

80 

47 

41.3 

0 

1 

80 

48 

32.5 

0 

0 

80 

Schedule:  Minutes 

Water,  gom 

Solids,  g/min 

0-28 

0.002 

5.72 

28-43 

0.2 

---- 

''3-45 

0.2 

5.72 
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TABLE  149.  SINGLE -ELEMENT  LOOP  TEST  NO.  289 
Date:  22  April  1969 

Loop  no.  3  ( A J  /SS)  Housing:  8"  ID  Aluminum 

Element:  Fram.Lcc  14 

Caniiter:  DoD  Type  1 

Procedure  no.  13-A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  “F  80 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  0 .002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5-70  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to  end  of  test. 

Test  fuel  jp-5  batch  no.  24  »  fresh,  clay  treated 

Date  blended  with  additives:  22  April  1969 

Anti -icing  additive  0.15  vol  %,  Dow,  Lot  02263  16 


Corrosion  inhibitor 

20  lb/Mbbl, 

Lubrizol  541  .Lot  24794 

Test  duration,  min 

27 

Calculated  dirt  loading,  g  137 

Fuel  throughput,  gal 

540 

Actual  element  weight  gain,  g  122 

Average  rate,  gpm 

20.0 

Time 

0  min 

End  Test 

Meter  reeding,  gal 

300 

840 

Screen  AP,  psi 

2 

2 

Cleanup  AP,  osi 

0 

0 

Analyses  on  influent  fur  • 

Time  Post  Clr.y  Filter  Pre-Test  Post  Test 

WSIM,  distilled  wat  9b  53  64 

IFT,  distilled  wate  dyn/cm  ^6.7  24.8  2^.8 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
PH 

ST,  dyn/cm 


Post  Test 
0.1 
7.3 
71.4 


2*>6 


TABLE  149.  SINGLE -ELEMENT  LOOP  TEST  NO.  289  (Cont'd) 


Time, 

AP, 

Totarnitor 

min 

P«i 

Infl 

Effl 

0 

4.3 

0 

0 

5 

4.6 

0 

1 

10 

5.5 

0 

1 

15 

8.6 

0 

1 

20 

13.  B 

0 

1 

24 

20.0 

0 

1 

27 

40.0 

.  0 

83 

29 

43.5 

0 

100+ 

30 

36.3 

0 

100+ 

Effluent, 

mg/liter 

Influent  fuel 

Solids 

Free  water 

temperature.  *F 

80 

0.47 

3-4 

80 

80 

80 

80 

0.73 

20 

80 

1.7S 

80 

80 

80 

Schedule: 


Minutes  Water,  gpm  Solids,  g/min 

0-24  0.0C?  5,72 

24-27  0.2  - 


0 


20 


40  60  80 

Test  time,  minutes 


100 


120 


TABLE  150.  SINGLE- ELEMENT  LOOP  TEST  NO.  290 
Date:  23  April  1969 


Loop  no.  3(A1/SS) 


Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  I42GS  Lot  465 

Canister:  DoD  Type  1 


Procedure  no. 
Water: 

Solids. 


13-A 

Filtered  Tap  Water 
Coarse  AC  Dust 


Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  SO 

Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 


Se-lids  injection  schedule:  5*72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to  end  of  test. 


Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  £3  April  19^9 

Anti-icing  additive  0,15  V°1  %.  Dow,  Lot  02268  16 

Corrosion  inhibitor  20  lb/Mbbl,  Lubrizol  54l  ,  Lot  24f94 


Test  Quration,  min  38 

Fuel  throughput,  gal 
Average  rate,  gpm  : 


Calculated  dirt  loading,  g  212 

Actual  element  weight  gain,  g  213 


Time  0  min 

Meter  reading,  gal  300 

Screen  &P,  psi  2 

Cleanup  AP,  psi  0 


End  Test 
1060 
2 
0 


Analyses  on  influent  fuel: 

Time  Pose  Clay  Filter  Pre-Test 

WSIM,  distilled  water  98  53 

IFT,  distilled  water,  cyn/cm  46,3  24.9 


Post  Test 
64 
24.5 


Analyses  on  injection  water: 
Time 

Solids,  mg/iiter 

pH 

ST,  dyn/ern 


Po  t  Test 

0.0 

71.2 


TABLE  150.  SINGLE-ELEMENT  LOOP  TEST  NO.  290  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent. 

ms /liter 

Influent  fuel 

min 

2il_ 

Infl 

Effl 

Solid* 

Free  water 

isae&aatei&uli: 

0 

3.3 

0 

0 

80 

5 

3.8 

0 

0 

0.28 

3-4 

8o 

10 

3. 6 

0 

0 

80 

1.5 

4.1 

0 

0 

80 

20 

4.4 

0 

0 

80 

25 

5.0 

0 

0 

80 

30 

6.4 

0 

0 

80 

35 

11.2 

0 

0 

80 

37 

20.0 

0 

0 

1.02 

20+ 

80 

38 

40.0 

0 

9 

20-H-f 

30 

39 

50  f- 

0 

100+ 

80 

40 

--- 

0 

100+ 

60 

42 

—  - 

0 

5 

So 

Schedule: 

Minute* 

Water,  gpm 

Solids,  g/min 

0-37 

0.002 

5.72 

37-33 

0.2 

---- 

’“g 


JO 


m 


<1 


m 


i  t  ky 

m 


20 


40  60  80 

Teat  time,  mlnutee 


100 


20 


ABLE  151.  SINGLE-ELEMENT  LOOP  TEST  NO.  291 
Date:  24  April  1969 


Loop  no.  3  (Al/SS) 


Procedure  no.  15-A 
Water:  filtered  Tap  Water 
Solidu:  Coarse  AC  Dust 

Water  injection  schedule:  0.002  gpm  t: 

0.2  gpm  to  end  of  test. 


Housing:  8"  ID  Aluminum 

Element:  Bowser,  Part  No.  A-I389-B 

Canister:  DoD  T7Pe  1 

Fuel  flew,  gpm  20 

Fuel  inle.  temperature,  *F  80 

Fuel  inlet  pressure.  70 

om  0  min  to  2C  psi,  then 


Solids  injection  schedule:  5.72  ?;/min  from  0  min  to  20  pel,  then 
discontinue  15  min,  then  5-72  g/min  to  end  of  test. 


Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 
Date  blended  with  additive*:  24  April  1969 
Anti-icing  additive  0.15  vol  %,  Dow.  Lot  02c.68  l6 

Corrosion  inhibitor  20  lb/Mbbl,  Bubrizol  541  ,  Lot 


24794 


Test  duration,  min 
Fuel  throughput,  gal 
Ave  rage  rate,  gpm 


35 
699 
20 . 0 


Calculated  dirt  loading,  g  172 

Actual  element  weight  gain,  g  107 


Time  0  min 

Mf.ter  reading,  gal  299 

Screen  AP,  psi  2 

Cleanup  AP,  Dsi 


End  Test 

1000 

r- 

C. 

0 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter 

WSIM,  distilled  water  98 

1FT,  distilled  water ,  dyn/cm  46.2 


Pre-Te.*t 

65 

24.3 


30 

25.9 


Analyses  on  injection  water: 
T  ime 

Solids,  :ng/liter 
PH 

ST,  dyn/cm 


Post  T 

0. 

7. 

71. 


ro  coot)  dk 


TABLE  151.  SINGLE-ELEMENT  LOOP  TEST  NO.  291  'Cont'd) 


Time, 

AP, 

T  jtair.itor 

Effluent, 

m£ /liter 

Influent  fuel 

min 

B£l_ 

lnfl 

Effl 

Sol  id  « 

Free  water 

temperature.  *F 

0 

4.3 

0 

0 

80 

5 

5.0 

0 

0 

0 ,18 

18-19 

80 

10 

5.9 

0 

2 

20 

80 

15 

7.5 

0 

1 

20 

80 

20 

9.5 

0 

1 

80 

25 

13.6 

0 

2 

80 

30 

20.0 

0 

2 

0.16 

20+ 

8o 

34 

37.5 

0 

100+ 

Neg 

20+++ 

80 

35 

40.0 

0 

100+ 

20+++ 

So 

36 

43-5 

0 

100+ 

8o 

38 

33.4 

0 

30 

80 

TABLE  152.  SINGLE- ELEMENT  LOOP  TEST  NO.  292 
Date:  25  April  1969 


Loop  no.  3(Ai/SS^ 


Procedure  no.  13-A 
V,  ater:  Filtered  Tap  Water 
Solid*:  Coarse  AC  Dust 


Homing:  8"  ID  Aluminum 

Element:  Bendix.Part  No.  Q458CO-o4 

Caniater:  DoD  Type  1 


Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 

Fuel  inlet  pressure,  pai  70 


Water  injection  achedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 


Solid*  injection  schedule:  5.72  g/mln  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5.72  g/min  to  end  of  test. 


Teat  fuel  JP-5  batch  no 
Date  blended  with  additives: 
Anti-icing  additive  0.15 
Corrosion  inhibitor  20 


.  24  ,  reused,  clay  treated 
25  April  1969 
vol  %,  Dow,  Lot  02268  16 
Ib/Mbbl,  Lut.-j.zol  541 


,  Lot 


24794 


Test  duration,  min  27 

Fuel  throughput,  gal  5^4 

Average  rate,  gpm  ?0.9 


Calculated  dirt  loading,  g  114 

Actual  element  weight  gain,  g  128 


Time  0  min 

Meter  reading,  gal  322 

Screen  AP,  psi  ^ 

Cleanup  AP,  psi  ^ 


End  Test 
886 
2 
0 


Analyses  on  influent  fuel: 

T  ime 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


Post  Clay  Filter 


Pre-Test 

75 

25.7 


Post  Test 

62 

26.7 


Analyses  on  injection  water: 
T  ime 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post  Test 


TA3LE  152.  SINGLE-ELEMENT  LOOP  TEST  NO.  242  (Coi:t'd) 


Time, 

AF, 

Totamitor 

Effluent. 

me /liter 

In'luent  fuel 

■min 

HL. 

Infl 

Effl 

Solids 

Free  water 

temperature.  *F 

0 

3.8 

0 

0 

80 

5 

4-5 

0 

2 

0.60 

12 

80 

10 

5.5 

0 

1 

90 

15 

10. G 

0 

1 

So 

20 

20.0 

0 

1 

0.54 

20+++ 

80 

25 

37.7 

0 

63 

0.98 

20+++ 

80 

27 

40.0 

0 

100+ 

1.12 

20+++ 

80 

3i 

41.2 

0 

100+ 

80 

33 

35.0 

0 

100+ 

80 

Schedule: 

Minutes 

Water,  gpm 

Solids,  ilmin 

0-?0 

0.002 

5.?2 

20-c~’ 

C  2 

— 

TABLE  153.  SINGLE -ELEMENT  LOOP  TEST  NO.  293 
Date:  29  April  1969 


>op  no.  3/A1/SS) 


Procedure  no.  1 3 "A 
Water:  Filtered  Tap  Water 

Solids: 


Coarse  AC  Dust 


Housing:  8"  ID  Aluminum 

Element:  Bowser, Part  No.  A-I389-B 

Canister:  DoD  Type  1 


Fuel  flow,  gpm 

Fuel  inlet  temperature,  "F 

Fuel  inlet  pressure,  psi 


20 

80 

70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5-72  g/min  to  end  of  test. 


Test  fuel  JF-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  28  April  1969 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  02268  l6 

Corrosion  inhibitor  20  lb/Mbbl,  Lubrizol  5^1  >  Lot  24794 


Test  duration,  min  33 

Fuel  throughput,  gal  665 

Average  rate,  gpm  20 


Calculated  dirt  loading,  g  177 
Actual  element  weight  gain,  g  178 


Time  0  min 

Meter  reading,  gal  300 

Screen  AP,  psi  ^ 

Cleanup  AP,  psi 


End  Test 
965 

2 

0 


Analyses  on  influent  fuel: 

Time  Fost  Clay  Filter 

WS1M,  distilled  water  97 

IFT,  distilled  water,  dyn/cm  45.3 


Pre-Test 

74 

25.6 


Post  Test 
59 
26.6 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
PH 

ST,  dyn/cm 


Post  Test 
Neg 
7.7 
71.6 


264 


TABLE  153.  SINGLE -ELEMENT  LOOP  TEST  NO.  293  (Cont'd) 


AP, 

BSL. 

J.9 

6.5 

8.3 

10.2 

11.5 

13.5 
18.8 
20.0 
4o.O 
50+ 


Totamitor 
InB  Effl 


Effluent,  mg /liter 


Influent  fuel 


Schedule: 


Minutes  Water,  gpm  Solids,  g/ min 


!■■■■■  ■■■■■«■■■■■■■■■■■■■■■■■■■■■■■■  ■■■■■■■■■■■■■■■  ■■■■■■■■■!■  I 
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Test  time,  minutes 


TABLE  154.  SINGLE-ELEMENT  LOOP  TEST  NO.  294 

Date:  2  May  1969 

Loop  no.  3(A1/SS)  Housing:  8"  I  D  Aluminum 

Element:  Bendix.  045800-04 
Canister:  DoD  T7Pe  1 

Procedure  no.  13-A  Fuel  flow,  gprn  20 

Water:  Filtered  Tap  teater  Fuel  inlet  temperature,  "  F  80 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  0.002  3pm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 


Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5-72  to  end  of  test. 

Test  fuel  jp-5  batch  no.  24  #  reused,  clay  treated 

Date  blended  with  additives:  1  May  1969 

Anti-icing  additive  0,15  vol  %,  Dow,  Lot  02268  l6 

Corrosion  inhibitor  20  lb/Mbbl,  Lubrizol  54l  ,  Lot  247’94 


Test  duration,  min 
Fuel  throughput,  gal 
Average  rate,  gpm 


36 

725 

20.1 


Calculated  dirt  loar  'ng,  g  i43 

Actual  element  weight  gain,  g  158 


Time  0  Min 

Meter  reading,  gal  300 

Screen  AP,  psi  ^ 

Cleanup  AP,  psi 


End  Test 
1025 
2 
0 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test  Post-Test. 

WSIM,  distilled  water  97  37  45 

IFT,  distilled  water,  dyn/cm  44.3  25.4  26.7 


Analyses  on  injection  water: 
Time 

Solids,  mg/licer 
pH 

ST,  dyn/cm 


TABLE  154.  SINGLE -ELEMENT  LOOP  TEST  NO.  294  (Cont'd) 


Time, 

AP, 

Totamitor 

min 

£Si_ 

Infl 

Effl 

0 

3*5 

0 

0 

5 

4.2 

0 

0 

10 

4.6 

0 

0 

15 

7.0 

0 

0 

20 

12.5 

0 

0 

25 

20.0 

0 

0 

30 

36.1 

0 

64 

35 

39.1 

0 

100+ 

36 

40.0 

0 

100+ 

38 

41.3 

0 

100+ 

39 

35.0 

0 

100+ 

Schedule: 

Minutes 

0-25 

25-36 

Effluent, 

me /liter 

Influent  fuel 

Solids 

Free  v’ater 

temperature.  *F 

80 

0.50 

1-2 

80 

80 

80 

80 

0.42 

8-9 

80 

1.34 

20+ 

80 

20+++ 

80 

1.15 

20+++ 

80 

8o 

80 


Water,  gpm  Solids,  g/min 

0.002  5.72 
0.2  - 


i 


TABLE  155.  SINGLE-ELEMENT  LOOP  TEST  NO.  295 

Date:  5  May  1969 


Loop  no.  3(A1/SS) 


Housing:  8”  I  D  Aluminum 

Element:  Fram,  Lot  14  DoD  Type 

Canister:  DoD  T.VPe  1 


Procedure  no.  13"A 

Wa;er:  Filtered  Tap  Water 

Solids: 


Coarse  AC  Dust 


Fuel  flow,  gpm 

Fuel  inlet  temperature,  *F 

Fuel  inlet  pressure,  psi 


20 

80 

TO 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5*72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5 .72  g/min  to  end  of  test. 


Test  fuel  JP-5  batch  no.  24,  reused,  clay  treated 

Date  blended  with  additives:  5  May  19^9 

Anti-icing  additive  0 . 15  vol.  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  ^0  lb/Mbbl,  Lubrizol  541  ,  Lot  24794 


Test  duration,  min  29 

Fuel  throughput,  gal  5^5 

Average  rate,  gpm  19*5 

Time  0  Min 

Meter  reading,  gal  300 

Screen  AP,  psi  ^ 

Cleanup  AP,  psi 


Calculated  dirt  loading,  g  137 

Actual  element  weight  gain,  g  99 


End  Test 


Analyses  on  influent  fuel: 

Time 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


Post  Clay  Filter 

97 

44.1 


Pre-Test 

61 

25.9 


Post-Test 

58 

26.5 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post-Test 

0.2 

7.4 

69.6 


268 
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TAELE  155.  SINGLE -ELEMENT  LOOP  TEST  NO.  295  (Cont'd) 


AP, 

Totamitor 

Effluent, 

zrtg /liter 

Influent  fuel 

£Si_ 

Infl 

Effl 

Solids 

Free  water 

temperature.  *F 

4.0 

0 

0 

So 

5.0 

0 

0 

0.52 

5-6 

80 

5.9 

0 

0 

80 

9.0 

0 

0 

80 

14.5 

0 

0 

80 

20.0 

0 

0 

0.62 

15-16 

80 

40.0 

0 

100+ 

1.41 

20+++ 

8o 

Schedule:  Minutes 

Water,  gpm 

Solids,  g/min 

0-24 

0.002 

5-72 

24-29 

0.2 

269 


TABLE  '  SINGLE -ELEMENT  LOOP  TEST  NO.  296 

Date:  6  May  1969 


Loop  no.  3(A1/SS) 


Housing:  8"  I  D  Aluminum 

Element:  Filter  Inc,  14208  Lot  465 
Canister:  DoD  Type  1 


Procedure  no.  13-A 
Water:  Filtered  Tap  Water 
Solids:  Coarse  AC  Dust 


Fuel  flow,  gpm 

Fuel  inlet  temperature,  °F 

Fuel  inlet  pressure,  psi 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5-72  g/min  to  end  of  test. 

Test  fuel  JP-5  hatch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  5  May  19^9 

Anti-icing  additive  0.15  voi  %,  Dow,  Lot  02268  l6 

Corrosion  inhibitor  ^ 0  lb/Mbbl,  Lubrizol  54i  ,  £_,ot  24794 


Test  duration,  min  25 

Fuel  throughput  gal  5^6 
Average  rate,  gpm  20.2 


Calculated  dirt  loading,  g  137 
Actual  element  weight  gain,  g  137 


Time 

Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 


0  Min 
300 
2 
0 


End  Test 
806 
2 


Analyses  on  influent  fuel: 

Time 

WSIM,  diet  -  -*d  water 
1FT,  distilled  water,  dyn/cm 


Post  Clay  Filter  Pre-Test  Post-Test 

97  63  - 

41.8  25.2  25.7 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
PH 

ST,  dyn/cm 


Post-Test 

0 

6^0 


TABLE  156.  SINGLE -ELEMENT  LOOP  TEST  NO.  296  (Cont'd) 


Time, 

min 

0 

5 

10 

15 

20 

24 

25 

26 
28 


AP, 

£*1_ 

3.2 

3.6 

li 

6.1 

20.0 

ko.o 

48.5 

42.8 


Totamitor 


Infi 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Effl 


Effluent,  mg /liter 
Solids  Free  water 


Influent  fuel 
temperature,  *F 


0 

So 

0 

0.20 

20 

80 

0 

80 

0 

7-8 

8o 

0 

1.04 

8o 

0 

19-20 

80 

0 

20+++ 

80 

100+ 

80 

0 

So 

Schedule: 


Minutes 

0-24 

24-25 


Water, 

0.002 

0.2 


Solids,  g/min 

5.72 


27] 


TABLE  157,  SINGLE -ELEMENT  LOOP  TEST  NO.  297 

Date:  7  May  1969 


Loop  no.  3(A1/SS) 


Procedure  no.  13"A 
Water-  Filtered  Tap  Water 
Solids."  Coarse  AC  Dust 


Housing:  8"  I  D  Aluminum 
Element:  Bendlx,  Part  No.  045800-04 
Canister:  DoD  Type  1 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *  F  80 

Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 


Solids  injection  schedule:  5*72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  tnen  5*72  g/min  to  end  of  test. 

Test  fuel  JF-5  batch  no.  24  ,  reused,  cliiy  treated 

Date  blended  with  additives:  6  May  19^9 

Anti-icing  additive  0*^5  vol  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  ®  lb/Mbbl,  Lubrizol  541  ,  Lot  24794 


Test  duration,  min  30 

Fuel  throughput,  gal  600 
Average  rate,  f.pm  20 


Time 

Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 


0  Min 
299 
2 
0 


Calculated  dirt  loading,  g  114 

Actual  element  weight  gain,  g  126 


End  Test 

399 


2 

0 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test 

WSIM,  distilled  water  96  65 

IFT,  distilled  water,  dyr./cm  40.3  24*9 


Post -Test 
51 

26.2 


Analyses  on  injection  water: 
Time 

Solids,  mg /liter 
pH 

ST,  dvn/cm 


Poat-Test 

0.4 

7.8 

70.8 


272 
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TABLE  157.  SINGLE -ELEMENT  LOOP  TEST  NO.  297  (Cont'd) 


AP, 

Totamitor 

Effluent, 

ms /liter 

Liflue 

£*i_ 

Infl 

Em 

Solid* 

Free  water 

temper) 

3-6 

C 

0 

80 

5.1 

0 

0 

0.66 

0-1 

80 

5.1 

0 

0 

8o 

9*5 

0 

0 

80 

20.0 

0 

0 

5.93 

4-5 

80 

36.0 

0 

45 

0.94 

20 

8o 

5o.o 

0 

100+ 

1. 16 

20+++ 

80 

40.8 

0 

100+ 

80 

35.0 

0 

100+ 

80 

Schedule: 

Minutes 

Water,  *pm 

Solids,  g/min 

0-20 

0.002 

5.72 

20-30 

0.2 

SO 


3 


100 


TABLE  158.  SINGLE -ELEMENT  LOOP  TEST  NO.  298 

Date:  8  May  1969 


Loop  no.  3(A1/SS) 


Housing:  8”  I  D  Aluminum 

Element:  Fram,  Lot  ill  DoD  Type 

Canister:  DoD  TyPe  1 


Procedure  no.  13-A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  80 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 


Solids  injection  schedule:  5*72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5*72  g/min  to  end  of  test. 


Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  7  May  19^9 

Anti-icing  additive  0*15  vol  %,  Dow,  Lot  02268  l6 

Corrosion  inhibitor  20  lb/Mbbl,  Lubrizol  5^1  ,  Lot  2479^ 


Test  duration,  min  30 

Fuel  throughput,  gal  590 
Average  rate,  gpm  19*7 


Calculated  dirt  loading,  g  132 

Actual  element  weight  gain,  g  123 


Time  0  Min 

Meter  reading,  gal  298 
Screen  AP.  psi 
Cleanup  AP,  psi 


End  Test 

388 


2 

1 


Analyses  on  influent  fuel: 

Time 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


Post  Clay  Filter 

95 

38.3 


Pre-Test 

71 

25.1 


Post -Test 
62 

26.5 


Analyses  on  injection  water: 

Time  Post -Test 

Solids,  mg/liter 

p»  jr*® 

ST.  dyn/cm 


2-4 


TABLE  158.  SINGLE -ELEMENT  LOOP  TEST  NO.  298  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent. 

m* /I  iter 

Influent  fuel 

min 

21 L 

lnfl 

Em 

Solid* 

Free  water 

temperature.  *F 

0 

4.i 

0 

0 

80 

5 

4.9 

0 

0 

0.47 

0-1 

80 

10 

5.5 

0 

0 

80 

15 

9.2 

0 

0 

80 

20 

14.7 

0 

0 

80 

23 

20.0 

0 

0 

0.63 

16-17 

80 

28 

37.2 

0 

100+ 

Neg 

20+++ 

80 

30 

40.0 

0 

100+ 

1.29 

20+++ 

80 

30 

41.0 

0 

100+ 

bo 

33 

35.5 

0 

100+ 

80 

Schedule: 

Minutes 

Water,  um 

Solids,  t /min 

^  0-23 

0.002 

5.72 

23-30 

0.2 

TABLE  159.  SINGLE -ELEMENT  LOOP  TEST  NO.  299 
Date;  8  May  1969 


Loop  no.  3(A1/SS)  Housing:  8"  I  D  Aluminum 

Element:  Used  Bowser,  #2  (Andrews  AFB) 
Canitter:  DoD  Type  1 


Procedure  no.  Special  Fuel  flow,  gpm  Varied 

Water;  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  80 

Solids:  None  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  C.002  gpm  from  0  to  30  min,  0.2  gpm  from  30  to 

45  min,  0.15  gp®  from  45  to  55  min,  0.10  gpm  from  55  to  66  nnn 

and  then  water  off. 

Solids  injection  schedule:  None 


Test  fuel  Jp-5  batch  no.  24  ,  reused,  clay  treated 
Date  blended  with  additives:  8  May  1969 
Anti-icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  None  lb/Mbbl,  ,  Lot 


Calculated  dirt  loading,  g 
Actual  element  weight  gain,  g 


0  Min  End  Test 

0  1478 

2 


Test  duration,  min  69 
Fuel  throughput,  gal  1478 
Average  i-te,  gpm  Varied 

Time 

Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 


2 

0 


Post  Clay  Filter 
97 

37.0 


0 


Pre-Test  Post-Test 
92  95 

37.0  34.0 


Analyses  on  influent  fuel: 

Time 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


Analyses  on  injection  water: 
Time 

Solids,  mg /liter 
pH 

ST,  dyn/cm 


Post-Test 

0.1 

7.8 

72.0 


ONO'tCTiO'\a\v_nvn  ■p'+ujuj  wrJHH 
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Time, 

min 


TABLE  159. 

SINGLE -ELEMENT  LOOP  TEST  NO. 

299  (Cont'd) 

AP, 

ToUmitor 

Exfluent,  nu /liter 

Influent  fuel 

E£l_ 

Infl 

Effl 

Solids  Free  water 

temperature.  *F 

25.1 

0 

0 

3-4 

80 

25.6 

0 

0 

20+ 

80 

25.6 

0 

20 

20++ 

80 

26.8 

0 

23 

20++ 

80 

26.9 

0 

-  23 

204+ 

80 

27.4 

0 

23 

20++ 

80 

23.2 

0 

23 

20+++ 

80 

30.3 

0 

100 

20+4+ 

80 

31.6 

0 

100 

80 

29.5 

0 

100 

80 

2^.0 

0 

100 

_  _ 

80 

23.0 

0 

80 

—  —  — 

80 

14.5 

0 

10 

20+++ 

80 

14.5 

0 

10 

20+4 

80 

14.0 

0 

10 

80 

30.0 

0 

20 

80 

29.1 

0 

0 

- - 

80 

Schedule: 

Minute  8 
“U-30- 

Water.  Rpm 

"OTPckr 

Solids,  g/min 
— — 

Fuel,  gpm 
20 

30-45 

0.2 

0 

20 

45-55 

0.15 

0 

15 

55-66 

0.10 

0 

10 

66-69 

0 

0 

20 

TABLE  160.  SINGLE -ELEMENT  LOOP  TEST  NO.  300A 

Date:  15  May  1969,' 

Loop  no.  3(A1/SS)  Housing:  8"  I  D  Aluminum 

Element:  Bowser,  Part  No.  A-1389-E^  new 

Canister:  DoD  Type  1 

Procedure  no.  Special 
Water:  Filtered  Tap  Water 

Solids:  MIL-G-6032  grease 

(Royal  Lubricants  Co.) 

Water  injection  schedule:  0.002  gpm  from  60  to  90  min,  then 
0.2  gpm  from  90  to  150  min. 


Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *  F  80 

Fuel  inlet  pressure,  pei  70 


Solids  injection  schedule:  Approximately  0.51  g/min  from  30  min  to  60  min, 
then  approximately  1.02  g/min  from  120  min  to  150  min. 


Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 
Date  blended  with  additives:  15  May  1969 
Anti-icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 
Corrosion  inhibitor  None  lb/Mbbl,  ,  Lot 


Test  duration,  min 
Fuel  throughput,  gal 
Average  rate,  gpm 


152 

304oa 

20a 


Calculated  dirt  loiding,  g  46 
Actual  element  weight  gam,  g  4-5 


Time  0  Min  "  End  Test 

Meter  reading,  gal  -  - 

Screen  AP,  psi  2  2 

Cleanup  AP,  psi  0  1 


Analyses  on  influent  fuel: 

Time 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


Post  Clay  Filter 
98 

44.7 


Pre-Test 


Post-Test 

95 

45.3 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post-Test 

Neg. 

7.6 

71.4 


a.  Approximate  values;  Brodie  meter  inoperative. 


278 


TABLE  160, SINGLE-ELEMENT  LOOP  TEST  NO.  300A  (Cont'd) 


Schedule: 

First  period 


120  140  160 
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TABLE  160.  SINGLE -ELEMENT  LOOP  TEST  NO.  300A.(Cont'd) 

Fuel 

Contaminant 

flow 

injection 

rate 

Effluent , 

nm/liter 

Time , 

rate, 

Water 

AP, 

Totamitor 

Free 

min. 

gprc 

gPm  < 

Urease 

psi 

Infl 

~mr 

Solids 

Witter 

JZ. 

0 

20 

0 

0 

4.4 

0 

0 

80 

5 

20 

0 

0 

4.6 

0 

0 

a 

0 

80 

10 

20 

0 

0 

4.5 

0 

0 

0 

80 

15 

20 

0 

0 

4.4 

0 

0 

80 

20 

20 

0 

0 

4.4 

0 

0 

80 

25 

20 

0 

0 

4.4 

0 

0 

80 

^0 

20 

0 

b 

4.4 

0 

0 

80 

35 

20 

0 

b 

4.9 

0 

0 

0.83 

0 

80 

40 

20 

0 

b 

4.4 

0 

0 

_  _  _ 

80 

45 

20 

0 

b 

4.5 

0 

0 

—  _ 

80 

50 

20 

0 

b 

4.6 

0 

0 

_ _ 

80 

55 

20 

0 

b 

4.6 

0 

0 

_ 

80 

60 

20 

0.002 

b 

4.6 

0 

0 

«... 

—  — 

80 

65 

20 

0.002 

b 

4.7 

0 

0 

0.99 

4-5 

80 

70 

20 

0.002 

b 

4.9 

0 

0 

3-4 

80 

75 

20 

0.002 

b 

4.9 

0 

0 

80 

9o 

20 

0.002 

b 

5.0 

0 

0 

80 

95 

20 

0.002 

b 

5.0 

0 

0 

_  _  — 

9o 

90 

20 

0.2 

b 

5.0 

0 

0 

3-4 

80 

95 

20 

0.2 

b 

6.2 

0 

0 

0.71 

4-5 

80 

100 

20 

0.2 

b 

6.3 

0 

0 

—  _  _ 

4-5 

80 

105 

20 

0  2 

b 

6.2 

0 

0 

_  _ 

80 

110 

20 

0.2 

b 

6.4 

0 

0 

3-4 

80 

115 

20 

0.2 

b 

6.3 

0 

0 

_  _  _ 

80 

120 

20 

0.2 

c 

6.5 

0 

0 

2-3 

80 

125 

20 

0.2 

c 

7.0 

0 

0 

0.73 

7-8 

80 

130 

20 

0.2 

c 

7.0 

0 

0 

6-7 

80 

135 

20 

0.2 

c 

7.0 

0 

0 

.... 

90 

140 

20 

0.2 

c 

7.4 

0 

0 

2-3 

80 

145 

20 

0.2 

c 

7.4 

0 

0 

«• _ 

80 

150 

20 

0.2 

0 

7.8 

0 

0 

0.70 

6-7 

90 

152 

20 

0 

0 

6.5 

— 

— 

— 

80 

a. 

b. 

c . 


Control  pad  damaged  by  operator  -  invalid  results 
Approximately  15.3  gra  injected  during  this  period 
Approximately  30.6  gm  injected  during  this  period 


TABLE  161.  SINGLE -ELEMENT  LOOP  TEST  NO.  300B 

Date:  16  May  1969 


Loop  no.  3(A1/SS) 


Procedure  no.  Special 
Water:  Filtered  Tap  Water 
Solids:  None 


Housing:  8"  X  D  Aluminum 
Element:  Bowser, Part  No.  A-I389-B 
Canister:  T7Pe  1 

Fuel  flow,  i,pm  20 

Fuel  inlet  temperature,  ‘F  80 

Fuel  inl^t  pressure,  pei  70 


Water  injection  schedule:  0.002  gpm  from  30  to  60  min,  first  period  and  from 
0  to  30  min  of  second  period  and  0.2  gpm  from  60  tc  90  min  of  second 
period. 

Solids  injection  schedule:  None 


Test  fuel  JP-5  batch  no.  2h  •  reused 
Date  blended  with  additives:  l6  May  1969 
Anti-icing  additive  0 , 15  vol  %,  Dow,  Lot  02268  l6 
Corrosion  inhibitor  None  lb/Mbbl, 


Test  duration,  min 
Fuel  throughput,  gal 
Average  rate,  gpm 


i860  b 

20  b 


Calculated  dirt  loading,  g 
Actual  element  weight  gain,  g 


Time  0  Min  End  Test 

Meter  reading,  gal 

Screen  AP,  psi  2  2 

Cleanup  AP,  psi  ^  ^ 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test 

WSIM,  distilled  water  c  92 

IFT,  distilled  water,  dyn/cm  c  42.9 


Post-Test 

97 

39.6 


Analyses  on  injection  water: 
Time 

Solids,  mg /liter 

pH 

ST,  dyn/cm 


Post-Test 

0.7 

7.8 

70.6 


a.  Same  element  as  used  In  Test  300A 

b.  Approximate  values;  Brodie  meter  inoperable. 

c.  No  clay  treatment  performed. 
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BLE  161.  SINGLE-ELEMENT  LOOP  TEST  NO.  300B  (Cont'd) 


AF, 

BiL. 

5.5 

5.5 

5.5 

5.5 

6.1 

6.3 

6.4 
6.2 
6.1 
5.9 


Totamitor 
Infl  Effl 


Effluent. 

mg /liter 

Influent  fuel 

Solids 

Free  water 

temperature.  * 

2-3 

80 

Neg 

4-5 

80 

7-3 

80 

5-6  , 

80 

0.34 

14-15 

80 

14-15 

80 

14-15 

80 

Neg 

10-11 

80 

15-16 

80 

8-9 

80 

9-10' 

0.28 

15-16 

80 

13-14 

80 

9-10 

80 

9-10 

80 

8-9 

80 

6-7 

Si 

10-11 

80 

7-8 

80 

18-19 

80 

— 

80 

Schedule: 
First  period 

Second  period 


■■■■■■■■■■■■ 


Minutes 

0-30 
30-60 
60-90 
0-30 
-6c 


Water,  gpm 

0 

0.002 

0 

0.002 

0 

.2 


Solids,  g/min 

0 

0 

0 

0 

0 

8 


■■■■■■■■■ 


See: 


■■■■■ 


miimminmNiHinimiimmuiuiHtimiiiiiHm 
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iiiiiinuiiiHim 

iiiiiiiiimimm 


llllllllllllllllllllllll 


III 


t«ei  cnei  laeci 


II  I  I.  I  II  II  I  L 

OFirst  period 
•Second  period 


Teat  time,  minutes 


TABLE  162.  SINGLE -ELEMENT  LOOP  TEST  NO,  300C 

Date:  19  May  1969 

Loop  no.  3(A1/SS)  Homing:  8”  X  d  Aluminum 

Element:  Bowser,  Part  No.  A-  1389-Ba 
Canister:  DoD  Type 


Procedure  no.  Sped?'' 
Water:  Filtered  Tap  uder 
Solids:  None 


Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  'F  80 

Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.2  gpm  from  150  to  180  min. 


Solids  injection  schedule:  None 


Test  fuel  JP-5  batch  no.  24  ,  reused 

Date  blended  with  additives:  19  May  I969 

Anti- icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  None  Ib/Mbbl,  ,  Lot 

Calculated  dirt  loading,  g 
Actual  element  weight  gain,  g 


Fnd  Test 

~2~ 

1 


Test  duration,  min  24l 

Fuel  throughput,  gal  4820^ 
Average  rate,  gpm  20 

Time  0  Min 

Meter  reading,  gal  _ 

Screen  AP,  psi  2 

Cleanup  AP,  pai  1 


Analyses  on  influent  fuel: 

Time 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


Post  Clay  Filter 
c 
c 


Pre-Test 

91 

41.7 


Post-Test 

97 

43.1 


Analyses  on  injection  water: 

Time  Post-Test 

Solids,  mg/liter  0.0 

pH 

ST,  dyn/cm  71.5 


a.  Same  element  as  used  in  Tests  300A  and  300E. 

b.  Approximate  values;  Brodie  meter  inoperable. 

c.  No  clay  treatment  performed. 
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TABLE  162.  SINGLE -ELEMENT  LOOP  TEST  NO.  300C  (Cont'd) 


Time, 

AP. 

Totemitor 

Effluent. 

w*  Alter 

Influent  fuel 

min 

pel 

JaCL 

Effl 

Solids 

Ere.  ureter 

0 

5.6 

0 

0 

wwaft 

80 

30 

5.7 

0 

0 

0.13 

10-11 

80 

bO 

5.7 

0 

0 

—  —  “ 

9-10 

80 

0 

3° 

•  Hia 

5.6 

0 

0 

15-16 

80 

bO 

5.6 

8 

0 

--- 

10-11 

80 

90 

5.6 

3 

0 

7-8 

80 

120 

5.6 

4 

0 

9-10 

80 

150 

5.6 

3 

0 

9-10 

80 

i55 

7.? 

3 

0 

... 

13-14 

S') 

160 

7.4 

3 

0 

14-15 

80 

165 

7.4 

3 

0 

0.08 

10-11 

80 

170 

7.5 

3 

0 

... 

10-11 

so 

175 

7.5 

3 

0 

11-12 

80 

180 

7.6 

3 

0 

11-12 

80 

181 

7.0 

3 

0 

- — 

80 

AP,  pai 


TABLE  162.  SINGLE- ELEMENT  LOOP  TEST  NO.  300C  (Cont'd) 


Schedule: 


Minute c  Water,  gpm  Solids,  g/mtn 


First  period  0-60 

Second  period  0-150 

150-180 
I8O-18I 


«■■■■  bwmMH  'mmmmm  3S5«S  ■■■■«  SwSSS  ■■■■■ 

»■»■■■■»■»  ■•■■■■■■■■■■■■•■•«■■■  ■■■■■■■«■■■  ■■nliaaia 

Mfiiiniiniiiuiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiliiiisi 

imilllllllgllllllllilllllllllllllllllllllllllliillllllllll 

!!SS!!!!j!l!!Hmi!!!!n!Sn!!IiIS!!!!!il!H!Si!!!!!i!!!!|l 

■  sasias ■■■■■  aaaac  ■■■■■■■■■■■■■■■■■■■a  ■■  a— —  sb  as  sa  bb  bb  ■■■■■■■■’■!§ 

|sss.ssss:sssssssss:sssss:::sss:sss:ssss::3:s:ssss:;sss:ssssi 

'»-»»-s--;;--~~u^£--»»-«a»'jaBBHBaaaBBBaaaBBBaa  ■■■■■■■■■■ 

iBiaaBBBBBBilBaBBBBBaaBaaaaaBBaBBBBaBBMHMMiiiiaMBHi 

iiiliiiHiniiniiiiiiiiiiiiiiiiiiuiiiiiiiiil 


First  period 


40  60  80 

Test  time,  minutes 


5SS59S955SS55S5 59555 5H5SrS5fiB!SifiBBBBBBaBBBBBBBBBBBBBBBBBBBB 

BBBaaaBBaaaBBaaBBBaBsaaBfe saSaasaaaaeaBasaaaBSSBBBaaaaaBBaaaa 

IBBBBBBBBBBBBBBBBBBBiBBBBBBBBBBBBBBBBBBBBBBBflBBBBBBBflBBBBBBB 


hai«*MR#»*aiBaaaa  ««a| 

aaiaiaMa«««iiaiiM 

aaaa  “i  11  Pii^&Ar^BBaMiaamiiaHa mmmmm 

BBiiiaii 


li9saaea=3B3=asi iKscaraaeaeasaai  laaaseaeaeasaai 

BiBBBSaBBIBBBBBBaBilBBBBBBBBBBIflBflBBBflBBBaBBB 

min  gniinii  min  iiiiiimmi  i!iiiiiiig| 


:=caB:cac=i , 


40  60  80 

Test  time,  minutes 


285 


TABLE  163.  SINGLE -ELEMENT  LOOP  TEST  NO.  300D 

Date:  20  May  1969 

Loop  no,  3(A1/SS)  Housing:  3"  I  D  Aluminum 

Element:  Bowser,  Part  No,  A-13S9-B* 
Canister:  Type  1 

Procedure  no.  Special  Fuel  flew,  gpm  Varied 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  80 

Solids:  Jione  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  0.2  gpm  from  60  to  90  min. 


Solids  injection  schedule:  None 


Test  fuel  JP-5  belch  no.  24  ,  reused 

Date  blended  with  additives: 

Anti-icing  additive  0.04  vol  %,  Dow,  Lot 

Corrosion  inhibitor  None  lb/Mbbl,  ,  Lot 


Test  duration,  min 
Fuel  throughput,  gal 
Average  r.ite,  gpm 


2llo* 

Varied 


Calculated  dirt  loading,  g 
Actual  element  weight  gain,  g 


Time  0  Min  End  Test 

Meter  reading,  gal 

Screen  AP,  psi  ^  ^ 

Cleanup  AP,  psi 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test  Post-Test 

WSIM,  distilled  water  c  91  93 

IFT,  distilled  water,  dyn/cm  c  43.4  43*7 


Analys.es  on  injection  water: 
Time 

Solids,  ir,g /liter 
pH 

ST,  dyn/cm 


Post -Test 
0.0 
7.5 
72.0 


a.  Same  element  as  used  In  Tests  300A,  300B,  and  300C. 
h. Approximate  value;  Brodle  meter  inoperable, 
t  .No  clay  treatment  performed. 
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TABLE  164.  SINGLE -ELEMENT  LOOP  TEST  NO.  301 
Date:  21  May  1969 

Loop  no.  3(AL/SS)  Housing:  8”  I  D  Aluminum 

Element:  Bowser,  Part  A-1389-Ba 
Canister:  DoD  Type  1 

Procedure  no.  Special  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  80 

Solids:  Walworth  No.  1  plug  Fuel  inlet  pressure,  psi  70 

valve  sealant 

W£ter  injection  schedule:  0.002  gpm  from  60  to  90  min,  0.2  gpm  from 
90  to-  105  min. 

Solids  injection  schedule:  Approximately  57  gm  injected  during  period 
from  30  to  60  min. 

Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 
Date  blended  with  additives:  21  May  1969 
Anti-icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  None  Ib/Mbbl,  ,  Lot 


Test  duration,  min 
Fuel  throughput,  gal 
Average  rate,  gpm 


106 

2120b 

20b 


Calculated  dirt  loading,  g  57 
Actual  element  weight  gain,  g  48 


Time  0  Min 

Meter  reading,  gal  _ 

Screen  AP,  psi  2 

Cleanup  AP,  psi  1 

Analyses  on  influent  fuel: 

Time  p0F 

WSIM,  distilled  water 

IFT,  distilled  water,  dyn/cm 

Analyses  on  injection  water: 

Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


End  Test 

~2~ 

1 


Clay  Filter  Pre-Test  Post-Test 
100  95  96 

46.3  46.3  43-3 


Post-Test 

0.0 

7.5 

69.5 


a.  Used  element  from  Andrews  AFB.  Element  had  been  soaked  in 
iscpropanol  for  over  24  hours  and  then  dried  before  test. 

b.  Approximate  values;  Brodie  meter  inoperable. 
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TABLE  164.  SINGLE -ELEMENT  LOOP  TEST  NO.  301  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent,  ma  /liter 

Influent  fuel 

min 

£8i_ 

Infl 

Em 

Soiide  Free  water 

temperature.  *F 

0 

6.2 

0 

0 

0 

80 

15 

6.5 

0 

■  0 

0 

80 

6.5 

0 

0 

0 

80 

45 

6.5 

C 

0 

N  eg  0-1 

So 

6o 

6.5 

0 

0 

0 

80 

75 

6.9 

0 

5 

20-*- 

30 

90 

7.1 

0 

5 

20+ 

80 

95 

3.3 

0 

30 

20+++ 

80 

100  ^ 

8.8 

0 

30 

20+++ 

8o 

105 

8.9 

0 

30 

20+++ 

8o 

106 

8.5 

0 

7 

— 

80 
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TABLE  165.  SINGLE -ELEMENT  LOOP  TEST  NO.  302 
Date:  22  May  1969 


Loop  no.  3  (AI/SS)  Housing:  8"  I  D  Aluminum 

Element:  Bowser,  Part.  No,  A-1389-B 
Canister:  DoD  Type  1 

Procedure  no.  Special  Fuel  fi0Wf  gpm  2o 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  go 

Solids:  Walworth  No.  1  Plug  valve  Fuel  inlat  pressure,  psi  70 

sealant. 

Water  injection  schedule:  0.002  gpm  from  60  to  90  min,  0.2  gpm  from 
90  to  120  min. 

Solids  injection  schedule:  Approximately  75  gm  injected  during  period 
from  30  to  60  min. 


Test  fuel  JP-5  batch  no.  24  ,  reused 

Date  blended  with  additives:  22  May  1969 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  None  lb/Mbbl,  ,  Lot 

Test  du radon,  min  121  Calculated  dirt  loading,  g  75 

Fuel  throughput,  gal  2420a  Actual  element  weight  gain,  g  110 

Average  rate,  gpm  20a 


Time  0  Min 

Meter  reading,  gal  _ 

Screen  AP,  psi  2 

Cleanup  AP,  psi  1 


End  Test 

2 

1 


Analyses  on  influent  fuel: 

Time 

WSIM,  distilled  water 
IFT,  distilled  water,  dyr./cm 


Post  Clay  Filter 
b 
b 


Pre-Test 


Post-Test 

93 

33.5 


Analyses  on  injection  water: 
Time 

Solids,  mg /liter 
pH 

ST,  dyn/cm 


Post-Test 

0.9 

71.6 


a.  Approximate  value]  Brodie  meter  Inoperable. 

b.  No  clay  treatment  performed. 
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TABLE  165.  SINGLE -ELEMENT  LOOP  TEST  NO.  302  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent,  ms /liter 

Influent  fuel 

min 

££L_ 

Infl 

Effl 

Solids  Free  water 

temperature.  *F 

0 

4-5 

0 

0 

0 

80 

1? 

4.5 

0 

0 

0 

80 

3° 

4.5 

0 

0 

0 

80 

45 

4.5 

0 

0 

Neg  0 

80 

60 

4.5 

0 

0 

0 

80 

75 

4.6 

0 

0 

3-4 

80 

90 

4.9 

0 

0 

3-4 

80 

95 

5.1 

0 

0 

3-4 

80 

105 

6.1 

0 

0 

0.14  3-4 

80 

120 

6.1 

0 

0 

3-4 

80 

121 

5.6 

0 

0 

80 

Schedule: 


Minutes 

Water,  gpm 

Solids,  s/min 

Fuel,  gpm 

0-30 

0 

0 

20 

30-60 

0 

2.5a 

20 

60-90 

0.002 

0 

20 

90-120 

0.2 

0 

20' 

120-121 

0 

0 

20 

100 


5 


Teat  time,  minutes 


TABLE  166.  SINGLE-ELEMENT  LOOP  TEST  NO.  303A 
Date:  23  May  1969 


Loop  no.  3  (Al/SS) 


Homing:  8"  I  D  Aluminum 
Element:  Bowser,  A-1389-B 
Canister:  DoD  Type  1 


Procedure  no.  Special 
Water:  Filtered  Tap  Vfater 
Solids!  C:)arse  AC  Dust 


Duel  flow,  gpm  20 

Fuel  inlet  temperature,  °F  80 

Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  C,002  gpm  from  105  to  135  min,  0.2  gpm 
from  135  min  to  165  min. 


Solids  injection  schedule:®  5.72  g/min  from  65  to  70  min. 


Test  fuel  JP-5  batch  no.  24  ,  reused 

Date  blended  with  additives: 

Anti-icing  additive  None  vol  %,  Dow,  Lot 

Corrosion  inhibitor  None  lb/Mbbl,  ,  Lot 


Test  duration,  min  226 
Fuel  throughput,  gal  4520^ 

Average  rate,  gpm  20 

Time  0  Min 

Meter  reading,  gal  - 

Screen  AP,  psi  2 

Cleanup  AP,  psi  ^ 


Calculated  dirt  loading,  g 
Actual  element  weight  gain,  g 


End  Test 

2 

1 


Analyses  on  influent  fuel: 

Time 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


Post  Clay  Filter 
c 
c 


Pre-Test  Post-Test 
90  97 

58.0  37.2 


Analyses  on  injection  water: 

Time  Post-Test 

Solids,  mg/liter  0.0 

pH 

ST,  dyn/cm  71.7 


IT.  GlycV.rol  was  also"  injected  at  a  rate  of  66  ml/min  during 
the  period  from  15  to  75  min. 

b.  Approximate  values;  Brodie  meter  inoperable. 

c.  No  clay  treatment  performed. 
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TABLE  166.  SINGLE -ELEMENT  LOOP  TEST  NO.  303  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent, 

mz /liter 

Influent  fuel 

min 

esL. 

Infl 

Effl 

Solids 

Free  water 

temoerature.'F 

0 

4.3 

0 

0 

80 

5 

4.2 

0 

0 

0-1 

80 

10 

4.2 

0 

0 

0.14 

80 

15 

4.2 

0 

0 

0-1 

80 

20 

4.8 

a 

0 

80 

3° 

8.4 

a 

0 

0 

80 

4o 

10.5 

a 

0 

80 

45 

11.5 

a 

0 

0.65 

0 

80 

60 

12.5 

5 

0 

0 

80 

65 

12.1 

a 

0 

80 

70 

15.1 

a 

0 

0.73 

0 

80 

75 

19-2 

a 

0 

0 

80 

80 

12.4 

a 

0 

80 

90 

10.6 

0 

0 

80 

105 

9.5 

0 

0 

0 

80 

120 

9.8 

0 

0 

0 

80 

135 

9.8 

0 

0 

0-1 

80 

l4o 

10.5 

0 

0 

4-5 

80 

150 

10.6 

0 

0 

0.09 

5-6 

80 

165 

10,2 

0 

0 

80 

166 

9.2 

0 

0 

80 

0 

— 

0 

80 

10 

7.3 

0 

0 

80 

20 

6.4 

0 

0 

80 

30 

5.9 

0 

0 

80 

4o 

5.7 

0 

0 

80 

50 

5.6 

0 

0 

80 

60 

5.4 

0 

0 

80 

Schedule: 
First  period 


Second  period 


Minutes 

0-1$ 

15-65 

65-70 

70-75 

75-105 

105-135 

135-165 

165-166 

0-60 


Water,  Kpm 
- 

0 

0 

0 

0 

0.002 

0.2 

0 

0 


Solids^  g/mln 

b  . 

5-72° 

b 

0 

0 

0 

0 

0 


20 

20 

20 

20 


20 


20 

20 

20 


a.  No  reading  taken;  Totamitor  downstream  from  glycerin  injection  port. 

b.  Glycerol  injected  at  66  ml/min. 
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TABLE  167.  SINGLE -ELEMENT  LOOP  TEST  NO.  303B 
Date:  27  May  1968 

Loop  no.  3(A1/SS)  Housing:  8"  I  D  Aluminum 

Element:  Bowser,  A-1389-B® 
Canister:  DoD  Type  1 

♦. 

Procedure  no.  Special  Fuel  flow,  gpm  20 

Water:  Filtered  Tsp  Water  Fuel  inlet  temperature,  *F  80 

Solids:  Coaroe  AC  Dust  Fuel  iniet  pressure,  psi  70 

Water  injection  schedule:  0.2  gpm  from  30  to  60  min  of  second  period. 


Solids  injection  schedule:  5.72  g/min  from  30  to  75  min  of  first  period 
and  from  0  to  10  min  of  second  period. 


Test  fuel  JP-5  batch  no.  24  .  reused 

Date  blended  with  additives: 

Anti-icing  additive  None  V°1  %>  Dow,  Lot 

Corrosion  inhibitor  None  lb/Mbbl, 


Test  duration,  min  135 
Fuel  throughput,  gal  2700^ 
Average  rate,  gpm  ^0 


Calculated  dirt  loading,  g  314 
Actual  element  weight  gain,  g 


Time 

Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 


0  Min 


End  Test 


Analyses  on  influent  fuel: 

Time 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


Post  Clay  Filter  Pre-Test  Post-Test 


97 

39.8 


E.i 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post-Test 

0.30 


a.  Same' element  as  used  in  Test  303A. 

b.  Glycerol  was  also  injected  at  a  rate  of  133  ml/min  from 
25  to  30  min  of  second  period. 

c.  Approximate  values:  Brodie  meter  inoperable. 

d.  No  clay  treatment  performed. 


TABLE  167.  SINGLE -ELEMENT  LOOP  TEST  NO.  303B  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent. 

mi /liter 

Influent  fuel 

min 

£ii_ 

Infl 

Effl 

Solids 

Free  water 

temperature.  *F 

0 

5.5 

0 

0 

0-1 

80 

15 

5.6 

0 

0 

0.03 

0-1 

80 

30 

5.5 

0 

0 

0-1 

80 

35 

5.6 

0 

0 

30 

40 

6.4 

0 

0 

... 

80 

45 

7.9 

0 

0 

0-1 

80 

50 

9.1 

0 

0 

80 

55 

10.0 

0 

0 

... 

80 

60 

10.8 

0 

0 

... 

80 

65 

12.0 

0 

0 

.... 

80 

70 

13.0 

0 

0 

... 

80 

75 

14.6 

0 

0 

— — 

80 

0 

... 

0 

—  —  — 

8o 

5 

16.5 

0 

0 

... 

80 

10 

20.0 

2 

0 

0.16 

0-1 

78 

15 

21.1 

0 

0 

. — 

80 

20 

21.4 

0 

0 

... 

73 

25 

20.9 

7 

0 

.  .  mm 

80 

30 

25.5 

7 

0 

1-2 

80 

35 

24.4 

1 

0 

..  - 

60 

4o 

23.4 

0 

0 

... 

78 

45 

24.6 

0 

0 

0.10 

5-6 

78 

50 

24.6 

0 

0 

80 

55 

24.6 

0 

0 

... 

80 

60 

24.6 

0 

0 

6-7 

80 

# 


TABLE  167  .  SINGLE- ELEMENT  LOOP  TEST  NO.303B  (Cont'd) 


Schedule: 

Minutes 

Water,  gpm 

Solids,  g/min 

First  period 

0-30 

0 

0 

30-75 

0 

5.72 

Second  period 

0-10 

0 

5.72 

10-25 

0 

0 

25-30 

0 

a 

30-60 

0.2 

0 

a*  Glycerol  injected  at  a  rate  of  133  ml/min. 
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TABLE  168.  SINGLE-ELEMENT  LOOP  TEST  NO.  304 
Date:  11  June  1969 

Loop  no.  3  (Al/SS)  Housing:  8"  i.d.  Alumiiw 

Element:  Filters  Inc,  1-4208  Lot  465 
Canister:  DoD  Type  1 

Procedure  no.  13-A  Fuel  (low,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  80 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  0,002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min;  then  5.72  g/min  to  end  of  test. 

Test  fuel  JP“5  batch  no.  ,  fresh»  c1^  treated 

Date  blended  with  additives:  n  June  1969 

Anti-icing  additive  0.15  vol  Lot  02268  lb 

Corrosion  inhibitor  20  ]b/Mbbl,  Lubrlzol  5^1  r  Lot  24794 

Test  duration,  min  31  Calculated  dirt  loading,  g  172 

Fuel  throughput,  gal  619  Actual  element  weight  gain,  g  l62 

Average  rate,  gpm  19.9 

Time  0  min  End  Test 

Meter  reading,  gal  303  922 

p  p 

Screen  AP,  psi  c  c 

Cleanup  AP,  psi  0  1 

Post  Clay  Filter  Pre-test  Post-test 

100  46  54 

48.6  26.5  26.5 


Analyses  on  injection  wateT: 
Time 

Solids,  mg/liter 
PH 

ST,  dyn/cm 


Post-test 

0.1 

7.3 

71.7 


Analyses  on  influent  fuel: 

T  ime 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


TABLE  168.  SINGLE -ELEMENT  LOOP  TEST  NO.  304  (Cont'd} 


Time, 

AP, 

T  tamitor 

Effluent, 

mg /liter 

Influent  fuel 

min 

£*i_ 

Inti 

Eftl 

Solids 

Free  water 

temperature/ 

0 

3.0 

0 

0 

80 

5 

3.1 

0 

0 

Neg 

19-20 

80 

10 

3.1 

0 

0 

80 

15 

3.5 

0 

0 

80 

20 

4.0 

0 

0 

80 

25 

5.1 

0 

0 

80 

30 

20.0 

0 

0 

Neg 

20+++ 

80 

31 

40.0 

0 

72 

1.10 

20+++' 

80 

Totamltor  peaked  at  100+  after  40  psi. 


Schedule: 


Minute*  Water, gpm  Solid n,  g/min 

0-30  0.002  5.72 

30-31  0.2  - 


TABLE  169.  SINGLE -ELEMENT  LOOF  TEST  NO.  305 
Date:  12  June  1969 


Loop  no.  3{A1/SS)  Housing:  8"l  D  Aluminum 

Element:  Bowser,  Part  No.  A-1389-B 
Canister:  OoD  Type  1 


Procedure  no.  13-A 

Water:  Filtered  Tap  Water 

Solide:  Coarse  AC  Dust 


Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 

Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then  0.2  gpm 

to  end  of  test. 


Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5*72  g/min  to 
end  of  test. 

Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  12  June  196*9 

Anti-icir.j  additive  0.35  *s<  How,  Lot  02268  16 

Corrosion  inhibitor  20  lb/Mbbl,  Lubrizol  54l  .  Lot  2479^ 


Test  duration,  min  45 
Fuel  throughput,  gal  889 
Average  rate,  gpm  19.8 


Calculated  dirt  loading,  g  234 
Actual  element  weight  gain,  g  223 


Time  0  min 

Meter  reading,  gal  301 

Screen  AP,  psi  2 

Cleanup  AP,  psi  1 


End  Test 
1190 
2 

1 


Analyses  on  influent  fuel: 

Time 

WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


Post  Clay  Filter  Pre-Test  Post-Test 

96  65  68 

45.5  24.9  25. T 


Analyses  on  injection  water: 
Time 

Solids,  mg /liter 
PH 

ST,  dyn/cm 


Post-Test 

Neg 

71.7 

7.5 


TABLE  169. 

SINGLE 

-ELEMENT  LOOP  TEST  NO. 

305  (Cont'd) 

Time, 

AP, 

Totamitor 

Effluent. 

mg /liter 

Influent  fuel 

min 

£Si_ 

Ir_Q 

Effl 

Solid) 

Free  water 

temperature.  rF 

0 

4.1 

0 

0 

80 

5 

4.5 

0 

0 

Neg 

17-18 

80 

10 

5.0 

0 

1 

80 

12 

6.0 

0 

2 

18-20 

80 

15 

6.7 

0 

1 

80 

20 

7-9 

0 

0 

80 

21 

8.3 

0 

0 

17-18 

80 

25 

9.5 

0 

0 

16-17 

80 

30 

10.5 

0 

0 

80 

35 

12.6 

0 

0 

80 

4o 

19.0 

0 

0 

80 

4l 

20.0 

0 

1 

Neg 

19-20 

80 

45 

40.0 

0 

100+ 

0.54 

80 

Schedule: 

Minute  8 

Water,  gpm 

Solids,  g/min 

0-4l 

0.002 

5.72 

41-45 

0.2 

Test  time,  minute* 


301 


.*1 


TABLE  170.  SINGLE -ELEMENT  LOOP  TEST  NO,  306 
Date:  16  June  1969 

Loop  no.  3(A1/SS)  Housing:  8”  I  D  Aluminum 

Element:  Bendix,  Part  No .  045800-04 
Canister:  DoD  Type  1 

Procedure  no.  13”A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  #F  80 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  C.002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5*72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5*72  g/min  to 
end  of  test. 

Test  fuel  jp-5  batch  no.  24,  reused,  clay  treated 

Date  blended  with  additives:  lb  June  1969 

Anti -icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  20  Ib/Mbbl,  Lubrizol  54l  ,  Lot  24794 

Test  duration,  min  34  Calculated  dirt  loading,  g  160 

Fuel  throughput,  gal  679  Actual  element  weight  gain,  g  l6l 

Average  rate,  gpm  19*9 


Time  0  min 

Meter  reading,  gal  306 

Screen  AP,  psi  2 

Cleanup  AP,  psi  0 

Analyses  on  influent  fuel:  Post 

Time 


WSIM,  distilled  water 
IFT,  distilled  water,  dyn/cm 


End  Test 

985 

2 

1 

Clay  Filter  Pre-test  Post-test 

98  72  60 

47.4  26.2  27.5 


Analyses  on  injection  water: 
lime 

Solids,  mg /liter 
pH 

ST,  dyn/cm 


Post-test 

Neg 

7.5 

70.9 


V 


0 


TABLE  170.  SINGLE -ELEMENT  LOOP  TEST  NO.  306  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent, 

mg /liter 

Influent  fuel 

min 

elL 

Infl 

Effl 

Solids 

Free  water 

temperature.  °F 

0 

3.5 

0 

0 

80 

5 

3.8 

0 

2 

0.06 

3-4 

8o 

7 

3.9 

0 

1 

80 

10 

5.3 

0 

1 

5-6 

80 

15 

5.6 

0 

0 

8o 

20 

9.5 

0 

0 

80 

25 

15.2 

0 

0 

8o 

28 

20.0 

0 

0 

Neg 

lC-il 

80 

33 

39.5 

0 

38 

0.60 

20+ 

8o 

34 

5o.o 

0 

54 

0.70 

20+ 

80 

Schedule: 

Minutes 

Water,  gpm 

Solids,  g/min 

0-28 

0.002 

5.72 

28-34 

0.2 

303 


TABLE  171.  SINGLE -ELEMENT  LOOP  TEST  NO.  307 
Date:  17  June  1969 

Loop  no.  3  (Al/SS)  Housing:  8:}  I  D  Aluminum 

Element:  Fram,  Lot  14  DoD  Type 

Canister:  DoD  Type  1 

Procedure  no.  13-A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  80 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  pei  70 

Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  test. 

Solids  injection  schedule:  5*72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to 
end  of  test. 

Test  fuel  jp-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  add'tives:  16  June  1969 

Anti-icing  additive  0.15  vol  %•  Dow,  Lot  02268  16 

Corrosion  inhibitor  20  lb/Mbbl,  Lubrizol  541  ,  Lot  24794 


Test  duration,  min  32  Calculated  dirt  loading,  g  149 

Fuel  throughput  gal  640  Actual  element  weight  gain,  g  128 

Average  rate,  gpm  20.0 

Time  0  min  End  Test 

Meter  reading,  fal  300  940 

Screen  AP,  psi  2  2 

Cleanup  AP,  psi  0  0 


Analyses  on  influent  fuel: 

Tirne  Post  Clay  Filter  Pre-test  Post-test 

WSIM,  distilled  water  98  54  66 

IFT,  distilled  water,  dyn/cm  45.1  25.6  26.0 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post-test 

0.4 

7.8 

71.1 


104 


TAELE  171.  SINGLE -ELEMENT  LOOP  TEST  NO.  307  (Cont'd) 


Time, 

AP, 

Totamitor 

min 

P8i 

Infl 

Effl 

0 

4.1 

8£ 

0 

5 

4.8 

6 

1 

10 

5.5 

3 

1 

15 

8.2 

2 

0 

20 

12.5 

1 

1 

25 

17.7 

1 

2 

26 

20.0 

1 

2 

31 

37.8 

1 

100+ 

32 

40.0 

1 

100+ 

33 

44.2 

1 

100+ 

36 

34.3 

1 

100+ 

Effluent,  mg /liter  Influent  fuel 


Solids 

Free  water 

temperature, 

80 

0.12 

10-11 

80 

80 

10-11 

80 

80 

80 

0.53 

20+ 

80 

0.58 

20+-i+ 

80 

1.14 

20+++ 

80 

80 

80 

a.  Influent  Totamitor  readings  of  doubtful  accuracy  due  to  omission 
of  usual  calibration  procedure. 


Schedule: 


Minute e  Water,  gpm  Solids,  g/min 

0-26  0,002  5.72 

26-32  0.2 


100 


1 


305 


TABLE  172.  SINGLE -ELEMENT  LOOP  TEST  NO.  308 

Date:  18  June  1969 

Loop  no.  3(A1/SS)  Housing:  8"  I  D  Aluminum 

Element:  Filters  Inc,  1-4208  Lot 465 

Canister:  DoD  Type  1 


Procedure  no. 

13-A 

Fuel  flow,  gpm 

20 

Water:  Filtered  Tap  Water 

Fuel  inlet  temperature,  *  F 

80 

Solids:  Coarse  AC 

Dust 

Fuel  inlet  pressure,  psi 

70 

Water  injection  schedule: 

0.002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm 

to  end  of  test. 

Solids  injection  schedule: 

5.72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5*72  g/min  to 

end  of  test. 

Test  fuel  JP-<5  batch  no.  24  * 

reused,  clay  treated 

Date  blended  with  additives: 

17  June  1969 

Anti-icing  additive  0.15 

vol  %, 

Dow,  Lot  02268  16 

Corrosion  inhibitor  20 

lb/Mbbl 

,  Lubrizol  541  ,  Lot  24794 

Test  duration,  min 

37 

Calculated  dirt  loading,  g 

210 

Fuel  throughput,  gal 

745 

Actual  element  weight  gain,  g 

206 

Average  rate,  gpm 

20.1 

Time 

0  min 

End  Test 

Meter  reading,  gal 

397 

1142 

Screen  AP,  psi 

2 

2 

Cleanup  AP,  psi 

2 

0 

Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-test  Post-test 

WSIM,  distilled  water  9*5  78  68 

IFT,  distilled  water,  dyii/cm  44.1  26.0  26.0 


Analyses  on  injection  wate-: 
Time 

Solids,  mg /liter 

pH 

ST,  dyn/cm 


Post-test 

0.0 

7.8 

71.1 


306 


Schedule: 


Minute  *  Water,  gpm  Solid*,  fi/min 

0-36. T5  0.002  5.72 

36.75-38  °*2 


TABLE  1 73.  SINGLE -ELEMENT  LOOP  TEST  NO.  309 
Date:  19  June  1969 


Loop  no.  3(A1/SS) 


Homing:  8M  I  D  Aluminum 

Element:  Bowser.  Part  No.  A-1389-B 

Canister:  DoD  Type  1 


Procedure  no.  13-A 

Water:  Filtered  Tap  Water 

Solids:  Coarse  AC  Dust 


Fuel  flow,  gpm 

Fuel  inlet  temperature,  *F 

Fuel  inlet  pressure,  psl 


Water  injection  schedule: 


0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 


Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to 
end  of  test. 

Test  fuel  JP-5  batch  nc.  24  .  reused,  clay  treated 

Date  blended  with  additives:  18  June  1969 

Anti -icing  additive  0,15  vol  %»  Dow,  Lot  02268  16 

Corrosion  inhibitor  20  lb/Mbbl,  Lubrizol  5^1  >  Lot  24794 


Test  duration,  rnin  46 

Fuel  throughput,  gal  914 

Average  rate,  gpm  19.8 


Calculated  lirt  lording,  g  200 
Actual  element  weight  gain,  g  194 


Time 

Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 


0  min 
299 
2 
0 


End  Test 
1213 
2 
0 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-test  Post-test 

WSIM,  distilled  water  97  72  71 

IFT,  distilled  water,  dyn/cm  43.4  25.4  26.5 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post-test 

0.3 

7.5 

71.8 


TABLE  173.  SINGLE -ELEMENT  LOOP  TEST  NO.  309  (Cont'd) 


lime, 

AP, 

T  otamitor 

min _ 

gfA 

Xnfl 

Effl 

0 

4.7 

0 

0 

5 

5.4 

0 

0 

10 

7.2 

0 

0 

15 

8.4 

0 

0 

20 

10.7 

0 

0 

25 

11.7 

0 

0 

30 

15.0 

0 

0 

35 

20.0 

0 

0 

4o 

28.7 

0 

100+ 

45 

38.0 

0 

100+ 

45.5 

4C.0 

0 

100+ 

46 

40.5 

0 

lvvT 

49 

35.0 

0 

100+ 

Effluent, 

mg /liter 

Influent  fuel 

Free  water 

temperature.  *F 

80 

Neg 

7-  8 

80 

80 

80 

80 

80 

80 

0.05 

18-19 

80 

0.81 

20+++ 

80 

20+++ 

80 

0.72 

20+++ 

80 

80 

Schedule: 


Minutes  Water,  gpm  Solids,  g/min 


0-35  0, 002  5.72 

35-45.5  0.2 


TABLE  174.  SINGLE -ELEMENT  LOOP  TEST  NO.  310 
Date:  23  June  1969 

Loop  no.  3(A1/SS)  Hooting:  8”  I  D  Aluminum 

Element:  Filters  Inc  a 

Canister:  DoD  Type  1 

Procedure  no.  13-A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  F-el  inlet  temperature,  *F  80 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 

0,2  gpm  to  *nd  of  test. 

Solids  injection  schedule:  5*72  g/min  from  0  mm  to  2C  psi,  then 

discontinue  15  min,  then  5.72  g/min 
to  end  of  test. 

Test  fuel  JP-5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  23  June  1969 
Anti-icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  20  lb/Mbbl,  Lubrizol  541  »  Lot  24794 

Test  duration,  min  39  Calculated  dirt  loading,  g  217 

Fuel  throughput,  gal  775  Actual  element  weight  gain,  g  210 

Average  rate,  gpm  19.9 

Time  0  min 

Meter  reading,  gal  300 

Screen  AP,  psi  2 

Cleanup  AP,  psi  1 

Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-test  Post-test 

WSIM,  distilled  water  98  78  75 

IvT,  distilled  water,  dyn/cm  39.4  25.8  26.7 


End  Test 
1075 
2 
1 


Analyses  on  injection  water: 

Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 

a.  Government  Standard  Elements  DSA  700-68-C-B526{ 
Filters  Inc,  Part  No.  1-4208,  manufactured  10-b8. 


Post-test 

0.9 

7.7 

70.8 


O  1AO  U%0  ir\0  1A0O  CTiO  CO 
rH  i— f  c\i  cvj  cncc.mcosi-^r 


TABLE  174.  SINGLE-ELEMENT  LOOP  TEST  NO.  310  (Cont'd) 


Time,  AP,  Totamitor 

min  ESL.  Infl  Effl 


Effluent,  mg /liter 
Solid*  Free  water 


Influent  fuel 


5.0  0  0 

5.5  0  0 

5.4  0  0 

5.6  0  0 

6.4  0  0 

7.3  0  0 

8.6  0  0 

12.9  0  0 

20.0  0  0 

4).0  0  0 

50+  0  i 

48.3  0  0 


Neg  17-18 

10-11 


1.44  16-17 

Neg  £0+ 


80 

8G 

80 

80 

80 

80 

80 

80 

8c 

80 

8o 

3o 


Schedule: 


Minutea  Water,  Solid*,  g/min 


0-38  0.002  5.72 

38-39  0.2 


.Ml 


TABLE  175.  SINGLE-ELEMENT  LOOP  TEST  NO.  311 
Date:  24  June  1969 


Loop  no.  3(A1/SS)  Housing:  8"  I  D  Aluminum 

Element:  Filters  Ire 
Canister:  Type  i 

Procedure  no.  13-A  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature  *F  80 

Solids:  Coarse  AC  Dust  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule;  0.002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  test. 

Solids  'njection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5*72  g/min  to  end 
of  test. 

Test  fuel  JP-5  batch  no.  24  >  reused,  clay  treated 

Date  blended  with  additives:  23  June  1969 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 

Corrosion  inh:  jitor  20  lb/Mbbl,  Lubrizol  541  ,  Lot  24794 


Test  duration,  min  33 

Fuel  throughput,  gal  ti60 
Average  rate,  gpm  20.0 


Time 

Meter  reading, 
Screen  AP,  psi 
Cleanup  AP,  psi 


0  min 


Calculated  dirt  loading,  g  183 
Actual  element  weight  gain,  g  134 


End  Test 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  ire-test  Post-test 

WS1M,  distilled  water  99  79  73 

IFT,  distilled  water,  dyn/err.  34«7  22.9  23.8 


Analyses  on  injection  water: 

Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 

a.  Government  Standard  Elements,  DSA  700-68-C-B5C6 , 
Filters  Inc,  Part  No.  1-4200.  manufactured  10-68. 


Post-test 

0.0 

7.7 

70.6 


r 


TABLE  176.  SINGLE -ELEMENT  LOOP  TEST  NO.  312 
Date:  25  June  1969 


Loop  no.  3(A1/SS) 

Housing: 

Element: 

Canister: 

8"  I  D  Aluminum 
Filters  Inc  a 

DoD  Type  1 

Procedure  no.  13 -A 

Fuel  flow, 

ypm 

20 

Water:  Filtered  Tap  Water 

Fuel  inlet  temperature,  *F 

80 

Solids:  Coarse  AC  Dust 

Fuel  inlet  preaaure,  pei 

70 

Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 

,0.2  gpm  to  end  of  test. 


Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5. 72  g/min  to 
end  of  test. 

Test  fuel  JP-5  batch  no.  24  .  reused,  clay  treated 

Date  blended  with  additives:  24  June  1969 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  02268  16 

Corrosion  inhibitor  20  lb/Mbbl,  Lubrizcl  54l  *  Lot  24794 


Test  duration,  min  38 
Fuel  throughput,  gal  760 
Average  rate,  gpm  20. 1 


Calculated  dirt  loading,  g  212 
Actual  element  weight  gain,  g  209 


Time  0  min 

Meter  reading,  gal  299 

Screen  AP,  psi  2 

Cleanup  AP,  psi  0 


End  Test 

1059 

2 

2 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter 

W5IM.  distilled  water  96 

IFT,  distilled  water,  dyn/cm  3^*3 


Pre-test 

72 

23.4 


Post-test 

84 

24.0 


Analyses  on  injection  water: 

Time 

Solids,  mg /liter 
PH 

ST,  dyn/cm 

a.  Government  standard  elements,  DSA  7D0-68-C-B526, 
Filters  Inc,  part  No.  1-4208,  manufactured  IO-60. 


Post-test 

0.2 

7.7 

70.8 


31* 


o  mo  mo  ir\o  me— co  o\cvi 

rH  rH  CM  CM  CO  CO  CO  CO  CO-3- 


TABLE  176.  SINGLE -ELEMENT  LOOP  TEST  NO.  312  (Cont'd) 


Time,  AP,  Totamitor 

min  pal  Infl  Effl 

4.7  0  0 

4.8  o  o 

5.2  0  0 

5.5  o  0 

6.2  0  0 

8.0  0  0 

11.1  0  0 

17.5  0  o 

20.0  0  0 

40.0  0  8 

47.0  0  17 

47.0  0  1 


Effluent,  mg /liter 
Solide  Free  water 

Neg  5-  6 


Neg  19-20 

Neg  20+ 


Influent  fuel 
temperature.  *F 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 


Schedule: 


Minutes  Water,  gpm  Solids,  g/min 

0-37  0.002  5.72 

37-38  0.2 


i  IS 


TABLE  177.  SINGLE-ELEMENT  LOOP  TEST  NO.  313 
Date:  26  June  1969 


Loop  no. 

3(A1/SS) 

Housing:  8"  I  D  Aluminum 

Element:  Filters  Inc 

Canistar:  DoD  Type  1 

Procedure 

no.  13. A 

Fuel  flow,  gpm 

20 

Water: 

Filtered  Tap  Water 

Ft  el  inlet  temperature,  *F 

80 

Solids: 

Coarse  AC  Dust 

Fuel  inlet  pressure,  pei 

70 

Water  injection  schedule:  0.002  gpm 

from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  test. 


Solid*  injection  schedule:  5.72  g/min  from  0  min  to  20  pel,  then 

discontinue  15  min,  then  5.72  g/min  to  end  of 
test . 


Test  fuel  JP-5  batch  no.  24  . 

reused,  clay  treated 

Date  blended  with  additives: 

25 

June  1969 

Anti-icing  additive  0.15 

voi 

Dow,  Lot  02268 

16 

Corrosion  inhibitor  20 

lh/Mbbl 

,  Lubrizcl54l 

,  Lot 

24794 

Test  duration,  min 

4c 

Calculated  dirt  loading,  g 

229 

Fuel  throughput,  gal 

810 

Actual  element 

weight  gain, 

g  230 

Average  rate,  gpm 

20.2 

Time 

0  min 

End  Test 

Meter  reading,  gal 

300 

1110 

Screen  AP,  psi 

2 

2 

Cleanup  AP.  psi 

C 

0 

Analyses  on  influent  fuel: 

Time 

Post  Clay  Filter 

Pre-test 

Post-test 

WSIM  distilled  water 

98 

66 

73 

IFT,  distilled  water 

,  dyn/cm 

32.0 

23.4 

24,5 

Analyses  on  injection  water: 

Time 

Solids,  mg/liter 
pH 

ST,  dyn/cr.i 

ft.  Government  standard  elements,  DSA  700  C3-C-B526 
Filters  Inc.  oart  No.  1-4208,  manufactured  10-61 


Post-test 

0.1 

7.8 

72.0 


116 


TABLE  177.  SINGLE -ELEMENT  LOOP  TEST  NO.  313  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent, 

mat /liter 

Influent  fuel 

min 

£iL_ 

Infl_ 

Effl 

Solid* 

Free  water 

temoerature.*F 

0 

4.9 

0 

0 

80 

5 

5.5 

0 

0 

0.22 

OP 

i 

VO 

80 

10 

5.5 

0 

0 

80 

15 

5.5 

0 

0 

80 

20 

6.3 

0 

0 

80 

25 

7.3 

0 

0 

80 

30 

9.0 

0 

0 

80 

35 

12.5 

0 

0 

80 

40 

40.5 

20.0 

0 

0 

0.91 

18-19 

80 

40.0 

0 

3 

0.85 

20++ 

80 

4l 

50+ 

0 

7 

80 

44 

— 

0 

1 

80 

Schedule: 

Minute* 

Water,  Rpm 

Solid*,  a/min 

C-40 

0.002 

5.72 

40-40.5 

0.2 

I 


TABLE  176  . 


SINGLE- ELEMENT  LOOP  TEST  NO.  314  Date:  1  July  69 


Loop  no.  3(A1/SS) 


Procedure  no.  8901 -B  (Modified) 
Water:  Filtered  Tap  Water 
Solids:  Red  Iron  Oxide  (R-9998) 


Hoofing:  8"  ID  Aluminum 

Element:  Bendix*,  No.  69M  2814 

Canister:  DoD  type  1 

Fuel  flew,  gpm  20 

Fuel  inlet  temperature,  *F  80 
Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.2  gpm  from  0  min  to  end  of  test. 


ScHds  injection  schedule:  2.  86  g/min  from  60  min  to  end  of  test. 


Test  fuel  JP-5 

batch 

no.  25  , 

fresh,  clay  treated 

Date  blended  with  additives: 

30  June  69 

Anti- icing  additive 

0.15 

vol  %, 

Dow,  Lot  0226816 

Corrosion  inhibitor 

10 

lb/Mbbl 

,  AFA-1  .Lot  199 

Test  duration,  min 

130 

Calculated  dirt  loading,  g  200 

Fuel  throughput,  gal 
Average  rate,  gpm 

2600 

20.0 

Actual  element  weight  gain,  g  108 

Time 

0  min 

End  Test 

Meter  reading,  gal 

298 

2898 

Screen  AP,  psi 

2 

2 

Cleanup  AP,  psi 

0 

1 

Analyses  on  influent  fuel: 

Time  Post  Clay  Filter 

WSIM,  distilled  water  100 

IFT,  distilled  water,  dyn/cm  44.5 

Analyses  on  injection  water: 

T  ime 

Solids,  mg/liter 

pH 

ST,  dyn'em 


Pre-Test 

82 

25.  1 


Post-Test 

9C 

25.9 


Post-Test 
0.  0 
7.  4 
71.4 


a.  Special  ele.nent  for  red  iron  oxide. 


3 !  S 


AP.  poi 


TABLE  179.  SINGLE -ELEMENT  LOOP  TEST  NO.  315  Date:  2  July  69 

Loop  no.  3(A1/SS)  Housing:  3"  ID  Aluminum 

Element:  Filters  Inc,  1  4208  Lot  516 
Canister:  DoD  type  1 

Procedure  no.  13-P  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  * F  80 

Solids:  Ground  Iron  Ore  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  0.  002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  test. 

ScHds  injection  schedule:  5.  72  g/min  from  0  min  to  20  psi.  then 

discontinue  15  min,  then  5.72  g/min  to  end  of  test. 

Test  fuel  JP-5  batch  no.  2  5  ,  reused,  clay  treated 

Date  blended  with  additives:  1  July  69 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor  16  Ib/Mbbl,  AFA-1  ,  Lot  199 

Test  duration,  min  55  Calculated  dirt  loading,  g  297 

Fuel  throughput,  gal  a  Actual  element  weight  gain,  g  289 

Average  rate,  gpm  a 


Time  0  min  -End  Test 

Meter  reading,  gal  300  a 

Screen  AP,  psi  2  2 

Cleanup  AP,  psi  1  0 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test  Post-Test 

WSIM,  distilled  water  100  79  90 

IFT,  distilled  water,  dyn/cm  46.8  21,8  21.3 

Analyses  on  injection  water: 

Time  Post- Test 

Solids,  mg/iiter  0-9 

o! !  7.5 

S  I  .  tlyn / cm  '1.4 


a.  I’-rodu-  m.-ter  became  inoperable  during  Iasi  part  of  test. 


AP,  pst 


TABLE  179.  SINGLE -ELEMENT  LOOP  TEST  NO.  315  (Cont'd) 


Time, 

min 


AP, 

SlL. 


Tofmitor 
Infl  Effl 


Effluent,  mg /liter 
Solids  Free  water 


Influent  fuel 


0 

4.0 

0 

2 

80 

2 

4.1 

0 

6 

0.69 

0-1 

80 

5 

4.4 

0 

5 

2-3 

80 

10 

4.6 

0 

5 

80 

15 

5.0 

0 

2 

4-5 

80 

20 

5.1 

0 

2 

80 

25 

5.4 

0 

2 

80 

30 

5.  9 

0 

2 

80 

35 

6.  5 

0 

2 

0.44 

8-9 

80 

40 

7.8 

0 

2 

5-6 

80 

45 

10.4 

0 

3 

80 

50 

17.  5 

0 

3 

80 

52 

20.0 

0 

3 

0  91 

7-8 

80 

55 

40.0 

0 

8 

0,  91 

18-19 

80 

60 

39.0 

0 

1 

80 

Schedule: 


Minute  a 

0-52 

52-55 


*er»gp™ 

0.002 

0.2 


Solids,  g/min 
5.72 
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TABLE  180.  SINGLE- ELEMENT  LOOP  TEST  NO.  316  Date:  3  July  69 


Loop  no.  3( Al/SS) 


Procedure  no.  13-P 
Water:  Filtered  Tap  Water 
Solids:  Ground  Iron  Ore 


Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  516 

Canister:  DoD  type  1 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  ®F  80 
Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.  002  gpm  from  0  min  to  20  psi,  then 

0.  2  gpm  to  end  of  test 

ScHds  injection  schedule:  5  72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min 
to  end  of  test. 


Test  fuel  JP- 5 

batch  no.  25  , 

reused,  clay  treated 

Date  blended  with  additives: 

2  July  69 

Anti -icing  additive 

0.  15 

vol  %,  Dow.  Lot  0226816 

Corrosion  inhibitor 

16 

lb/Mbbl, 

AFA-1  ,  Lot 

199 

Test  duration,  min 

56 

Calculated  dirt  loading,  g 

309 

Fuel  throughput,  gal 

1118 

Actual  element  weight  gain, 

g  306 

Average  rate,  gpm 

19.  9 

T  ime 

0  min 

End  Test 

Meter  reading,  gal 

395 

1513 

Screen  ^P,  pat 
Cleanup  AP.  psi 


Analyses  on  influent  fuel: 

Time  Post  Clay  F 

WSIM,  distilled  water  96 

•  I FT.  distilled  water,  dyn/cm  45.4 


Post  Clav  Filter  Pre-Test  Post-Test 


84 

21.2 


86 

21.0 


Analyses  on  intention  water' 
Time 

Sol  id s ,  mg  !  1  ite  r 
pH 

SC,  dyn/cm 


Post- Test 
Nr  U 
7.  7 
71.0 


TABLE  180.  SINGLE -ELEMENT  LOOP  TEST  NO.  316  (Cont'd) 


TABLE  181  .  SINGLE- ELEMENT  LOOP  TEST  NO.  317  Date:  8  July  69 

Loop  no.  3(Ai/SS)  Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  516 

Canister:  DoD  type  1 


Procedure  no.  13-P 
Water:  Filtered  Water 
Solids:  Ground  Irot  Ore 


Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  #F  80 
Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.  002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  test. 

3cHds  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min 
to  end  of  test. 


Test  fuel  JP-  5 

batch 

no.  2  5  ,  reused,  clay  treated 

Date  blended  with  additives: 

7  July  69 

Anti-::.cing  additive 

0.  15 

vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor 

16 

Ib/Mbbl,  Sartolene  C  ,  Lot  NH  04 

Test  duration,  min 

72 

Calculated  dirt  loading, 

g 

Fuel  throughput,  gal 

1433 

Actual  element  weight  gain,  g 

Average  rate,  gpm 

19.9 

T  ime 

0  min 

End  Test 

Meter  reading,  gal 

300 

1733 

Screen  AP,  psi 

2 

2 

Cleanup  AP,  psi 

0 

1 

Analyses  on  influent  fuel: 

Time 

Fost  Clay  Filter  Pre-Test 

Post-Test 

WSIM,  distilled  water  100  78 

93 

IFT,  distilled 

water 

,  dyn/cm  45.  8  28.9 

35.4 

Analyses  on  injection 

water 

Time 

Post-Test 

Solids,  mg/liter 

0.0 

pH 

7.  6 

ST,  dyn/ern 

66.  4 

324 


TABLE  181.  SINGLE-ELEMENT  LOOP  TEST  NO.  317  (Ccmt'd) 


Time, 

AP, 

Totamitor 

Effluent 

mg/liter  Influent  fuel 

nin 

£«i_ 

Infl 

Effl 

Solids 

Free  water  temperature.  *  F 

0 

4.0 

0 

0 

80 

5 

4.  5 

0 

0 

0.  10 

2-3 

80 

10 

4.  5 

0 

0 

80 

15 

4.  7 

0 

0 

80 

20 

4.9 

0 

0 

80 

25 

5.4 

0 

0 

80 

30 

6.0 

0 

0 

80 

35 

6.  8 

0 

0 

80 

40 

8.  0 

0 

0 

80 

45 

9.9 

0 

0 

80 

50 

12.  8 

0 

0 

80 

55 

18.2 

0 

0 

80 

56 

20.0 

0 

0 

0.  15 

6-7 

80 

61 

33.0 

0 

1 

0.06 

1-9 

80 

66 

36.  5 

0 

1 

17-18 

80 

71 

38.  5 

0 

1 

17-18 

30 

72 

40.  0 

0 

1 

0.08 

18-19 

80 

73 

41.6 

0 

1 

80 

75 

35.  5 

0 

1 

80 

Schedule: 

Minutes 

Water, 

(ipm  Solide,  g/min 

0-56 

0.002  5.72 

56-71 

0.2 

71-72 

0.2 

5.72 

<n 

Pt. 

(X 

<1 


0  20  40  60  80  100  120 


Test  time,  minutes 


325 


TABLE  182.  SINGLE- ELEMENT  LOOP  TEST  NO.  318  D^tc:  9  July  69 

Loop  no.  3(A1/SS)  Housing:  8"  ID  Aluminum 

Element:  Filter*  Inc,  I  4208  Lot  516 
Canister:  DoD  type  1 

Procedure  no.  13-P  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *  I  80 

Solids:  Ground  Iron  Ore  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  test. 


Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to 
end  of  test. 


Test  fuel  JP-5 

batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives: 

8  July  69 

Anti -icing  additive 

0.15 

vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor 

16 

lb/Mbbl,  Santo lene  C  ,  Lot  NH  04-006 

Test  duration,  min 

76 

Calculated  dirt  loading, 

8 

383 

Fuel  throughput,  gal 

1520 

Actual  element  weight  gain,  g 

364 

Average  rate,  gpm 

20.0 

Time 

0  min 

End  Test 

Meter  reading,  gal 

300 

1820 

Screen  AP,  psi 

2 

2 

Cleanup  AP,  psi 

1 

1 

Analyses  on  influent  fuel: 

Time 

P^Bt  Clay  Filter  Pre-Test 

Post-Test 

WSIM,  distilled  water 

1  OH  9  5 

96 

IFT,  distilled  water, 

dyn/cm  4  >.  3  35. 7 

35.7 

Analyses  on  injection  water: 

Time 

Post-Test 

Solids,  mg/liter 

Neg 

pH 

7.9 

ST,  dyrs/cm 

70,  5 

326 


TABLE  182. 

SINGLE-ELEMENT  LOOP  TEST  NO.  318  (Cont'd) 

Time, 

AP, 

Totamitcr 

Effluent, 

ma/liter  Influent  fuel 

min 

pei 

■WMM* 

Infl 

Em 

Solid« 

Freewater  temperature/ F 

0 

3.5 

0 

0 

80 

5 

3.9 

0 

0 

0. 14 

0  80 

10 

3.8 

0 

0 

80 

15 

4.0 

0 

0 

80 

20 

4.0 

0 

0 

80 

25 

4.  3 

0 

0 

80 

30 

4.  5 

0 

0 

80 

35 

4.9 

0 

0 

80 

40 

5.4 

0 

0 

80 

45 

6.0 

0 

0 

80 

50 

7.4 

0 

0 

80 

55 

9.  3 

0 

0 

80 

60 

12.1 

0 

0 

80 

65 

16.8 

0 

0 

80 

67 

20.0 

0 

0 

0.22 

2-3  80 

72 

36.  5 

0 

85 

0.  30 

20+  80 

76 

40.0 

0 

100+ 

0.  36 

20++  80 

77 

40.0 

C 

100+ 

80 

79 

33.6 

0 

100+ 

80 

Schedule: 

Minutes 

Water,  zpen  Solid*,  g/min 

0-67 

0.002  5.72 

67-76 

0.2 

-  - 

TABLE  183.  SINGLE -ELEMENT  LOOP  TEST  NO,  319  Date:  10  July  69 


Loop  no.3(Al/SS) 


Procedure  no.  13-P 
Water:  Filtered  Tap  Water 
Solids :  Ground  Iron  Ore 


Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  14208  Lot  516 
Canister:  DoD  type  l 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 
Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 

0. 2  gpm  to  end  of  test. 

So1  ids  injection  schedule:  5.  72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5,72  g/min  to 
end  of  test. 

Test  fuel  JP-5  batch  no.  25  ,  reused,  clay  treated 

Date  blended  with  additives:  9  July  69 
Anti-icing  additive  0.15  vcl  %,  Dow,  Lot  0226816 
Corrosion  inhibitor  None  lb/Mbbl,  ,  Lot 


Test  duration,  min  125 

Fuel  throughput,  gal  2550 

Average  rate,  gpm  20.0 

Time  0  min 

Meter  reading,  gal  300 

Screen  AP,  psi  2 

Cleanup  AP,  psi  1 


Calculated  dirt  loading,  g  635 
Actual  element  weight  gain,  g  595 


End  Test 
2805 
2 
1 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Teet  Post-Test 

WSIM.  distilled  water  98  93  98 

IFT,  distilled  water,  dyn/cm  39.4  43.  5  42.3 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Post-Test 

0.0 

7.7 

70,6 


32* 


TABLE  183,  SINGLE -ELEMENT  LOOP  TEST  NO.  319  (Cont'd) 


Time, 

AP, 

Totem  itor 

Effluent,  mg/llter 

influent  fuel 

min 

ssL. 

Infl 

Effl 

Solid*  Free  water 

0 

3,8 

n 

V 

0 

80 

5 

3.9 

0 

0 

0.15  0 

80 

10 

4.0 

0 

0 

80 

15 

4.1 

0 

0 

so 

20 

4.2 

0 

0 

80 

25 

4.  3 

0 

0 

80 

30 

4.4 

0 

0 

80 

35 

4.  5 

0 

0 

80 

40 

4.6 

0 

0 

80 

45 

4.9 

0 

0 

80 

50 

5.2 

0 

0 

80 

55 

5.5 

0 

0 

80 

60 

5.8 

0 

0 

80 

65 

6.  3 

0 

0 

80 

70 

7.3 

0 

0 

80 

75 

8.  3 

(1 

0 

80 

80 

9.8 

0 

0 

80 

85 

11.  5 

c 

0 

30 

90 

13.6 

0 

0 

0-1 

80 

95 

16. 1 

J 

0 

80 

101 

20.0 

0 

0 

0.07  2- 

80 

106 

16.5 

0 

0 

0. 02 

80 

111 

15.  5 

0 

0 

2-3 

80 

116 

16. 2 

0 

0 

0-1 

80 

120 

25.5 

0 

0 

80 

126 

40.0 

0 

0 

0.06  0-1 

80 

127 

40.6 

0 

0 

80 

129 

38.0 

0 

0 

80 

Schedule: 

Minute* 

Water,  cpm  Solid*,j|/min 

0-101 

0.002 

5.  72 

101-116 

0.2 

116-125 

0.2 

5.  72 

120  140 


TABLE  184.  SINGLE- ELEMENT  LOOP  TEST  NO,  320  Date:  11  July  69 

Loop  no.  3(A1/'SS)  Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  516 
Canister:  DoD  type  1 

Procedure  no.  13-P  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  80 

Solids:  Ground  Iron  Ore  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  0.  002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  test. 


ScUds  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to 
end  of  test. 


Test  fuel  JP-5 

batch  no.  2  5  , 

reused,  clay  treated 

Date  blended  with  additives:  10  July  69 

Anti-icing  additive  0.15  voi  %,  Dow,  Lot  0226816 

Corrosion  inhibitor 

16  ib/Mbbl, 

Santolene  C  ,  Lot 

NH  04-006 

Test  duration,  min 

63 

Calculated  dirt  ioading,  g 

297 

Fuel  throughput,  gal 

1252 

Actual  element  weight  gain, 

g  286 

Average  rate,  gpm 

Time 

19.9 

0  min 

End  Test 

Meter  reading,  gal 

298 

1550 

Screen  AP,  psi 

2 

2 

Cleanup  Ap,  psi 

1 

l 

Analyses  cn  icfluent  fuel: 

Time  Post  Clay  Filter  Pre-Test  Post-Test 

WSIM,  distilled  water  97  83  91 

IFT,  distilled  water,  dyn/cm  44.  1  34.  3  33.4 

Analyses  on  injection  water: 

Time  Post-Test 

Solids,  mg/liter  0.0 

pH  7.  8 

ST,  dyn/ci?  70.8 


330 


AP,  ps  i 


TABLE  184.  SINGLE -ELEMENT  LOOP  TEST  NO.  320  (Coat'd) 


Time, 

AP, 

ToUmitor 

Eii)  lent, 

m&/  liter 

Irsfluect  fuel 

min 

p»i 

tefl 

Effl 

Solid* 

F j  ft  water 

0 

4.  3 

0 

0 

80 

5 

5.  1 

0 

0 

Neg 

ir 

80 

10 

4.9 

0 

0 

80 

15 

5.0 

0 

0 

80 

20 

5.2 

0 

0 

90 

25 

5.8 

0 

0 

80 

30 

6.6 

0 

0 

80 

35 

7.8 

0 

0 

80 

40 

9.  8 

0 

0 

80 

45 

12.6 

0 

0 

0-1 

80 

50 

16.4 

0 

0 

80 

52 

20.0 

0 

0 

0.01 

1-2 

80 

55 

31,5 

0 

0 

80 

57 

34.  5 

0 

0 

0.  07 

1-2 

80 

62 

37.4 

0 

0 

80 

63 

40.0 

0 

0 

0.11 

4-5 

80 

64 

42,  5 

0 

1 

80 

67 

37.  5 

0 

1 

80 

Schedule:  Minute*  Water,  nan  Solid*,  g/min 

0-52  0.002  5.72 

52-63  0.2 


Tett  iime,  minute* 


TABLE  185.  SINGLE- ELEMENT  LCOP  TEST  NO.  321  Date:  14  July  69 


Loop  no,  3(A1/SS) 

Procedure  no.  13-P 
Water:  Filtered  T  ip  WT'er 
Solids:  Ground  Iren  O  • 

Water  injection  schedule: 
Se’ids  injection  schedule: 


Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  1  4208  Lot  516 
Canister:  DcD  type  1 


Fuel  flow,  gpm 
Fuel  inlet  temperature,  *F 
Fuel  inlet  pressure,  psi 

0.002  gpm  from  0  min  to  20  psi,  then 
0.2  gpm  to  end  of  test. 


20 

80 

70 


5.72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  thon  5.72  g/min  to 
end  of  test. 

Test  fuel  JP-5  batch  no.  25  ,  reused,  clay  treated 

Date  blended  with  additives:  14  July  69 

0.15  vol  %,  Dow,  Lot  0226816 
20  ib/Mbbl,  Lubrizol  541  ,  Lot 


Anti -icing  additive 
Corrosion  inhibitor 


Test  duration,  min  49 
Fuel  throughput,  gal  981 


Average  rate,  gpm 

Time 

Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 


20.0 

0  min 
299 
2 
1 


Calculated  dirt  loading,  g 
Actual  element  weight  gain,  g 


End  Test 
1280 
2 
1 


24794 

274 


163 


Analyses  on  influent  fuel: 

T  ime 

WSIM,  distilled  water 


Poet  Clay  Filter 
100 


IFT,  distilled  water,  dyn/cm 


41.  5 


Pre-Test 

62 

25.  1 


Post-Test 

52 

2  5.  6 


Analyses  on  injection  water 
I  in ic 

Solids,  mg/liter 

pH 

ST,  dyn/cm 


Post -Test 
0.2 
7.8 
70.2 


332 


TABLE  185.  SINGLE- ELEMENT  LOOP  TEST  NO.  321  (Ccnt'd) 


aP, 

T  otamitor 

Effluent. 

mg /liter 

Influent  fuel 

£!2_ 

Infl 

Eft'l 

Solid  f 

Fref  v.ater 

temperature.  °F 

3.2 

0 

0 

1-0 

3.6 

0 

12 

0..  58 

1-2 

80 

4.0 

0 

8 

1-2 

80 

4.  1 

0 

5 

80 

4.4 

0 

4 

80 

4.8 

0 

3 

80 

5.4 

0 

2 

80 

6.8 

0 

2 

80 

9.6 

0 

3 

80 

16.2 

0 

3 

30 

20.0 

0 

4 

2.  09 

7-8 

80 

40.  0 

0 

57 

2.63 

20+ 

80 

43.0 

0 

57 

80 

38.4 

0 

2 

Schedule: 

Minute* 

Solid*,  a /min 

0-48 

0.  002 

«;  7? 

TABLE  186  .  SINGLE- ELEMENT  LOOP  TEST  NO.  322 


Date:  15  July  69 


Loop  no.  3(A1/SS) 


Procedure  no.  13-P 
Water:  Filtered  Tap  Water 
Solids:  Ground  Iron  Ore 


Housing:  8"  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  516 
Canister:  DoD  type  1 

Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 
Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  test. 


ScHds  injection  schedule: 


5.  72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5.72  g/min  to 
end  of  test. 


Test  fuel  JP-5 

batch  no 

i.  25  ,  reused,  clay  treated 

Date  blended  with  additives: 

14  July  69 

Anti-icing  additive 

0. 15 

vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor 

20 

lb/Mbbl,  Lubrizol  541  ,  Lot 

24794 

Test  duration,  mir. 

47 

Calculated  dirt  loading,  g 

263 

Fuel  throughput,  gal 
Average  rate,  gpm 

945 

20.1 

Actual  element  weight  gain, 

g  250 

Time 

0  min 

End  Test 

Meter  reading,  gal 

300 

1245 

Screen  AP,  psi 

2 

2 

Cleanup  AP,  psi 

1 

0 

Analyses  on  influent  fuel: 

Time  Post  Clay  Filter 

WSIM,  distilled  water  95 

IFT,  distilled  water,  dyn/cm  43,4 


Pre-Test 

59 

26.  5 


Post-Test 

85 

26.7 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
PH 

ST,  dyn/cm 


Post-Test 
0.  1 
7.6 
71. 0 
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TABLE  186. 

SINGLE -ELEMENT  LOOP  TEST  NO. 

322  (Cont'd) 

Time, 

AP, 

Totamito? 

Effluent. 

me /liter 

Influent  fuel 

min 

gjl 

Infl 

e 

Solids 

Free  water 

temperature.  *F 

0 

4.0 

0 

0 

80 

5 

4.9 

0 

8 

0.25 

1-2 

80 

10 

4.7 

0 

4 

80 

15 

5.0 

0 

2 

80 

20 

5.4 

0 

2 

80 

25 

6.2 

0 

1 

80 

30 

7.4 

0 

1 

80 

35 

9.0 

0 

1 

80 

40 

12.0 

0 

1 

80 

45 

17.0 

0 

1 

80 

46 

20.0 

0 

1 

0.  52 

17-18 

80 

47 

40.0 

0 

37 

1.42 

14-15 

80 

48 

47.  5 

0 

40 

80 

51 

43.  5 

0 

1 

80 

Schedule: 

Minutes 

Solids,  g/min 

0-46 

0.002 

5.  72 

46-47 

0.2 

- 

0  20  40  60  80  100  120 

Test  time,  minutes 


TABLE  187  .  SINGLE -ELEMENT  LOOP  TEST  NO.  323  Date:  16  July  69 


Loop  no.  3(A1/SS) 


Procedure  no.  13-Q 

Water:  Filtered  Tap  Water 

Solids:  Black  Iron  Oxide  (Magnetic) 


Housing:  ■  8"  ID  Aluminum 
Element:  Filters  Inc,  I  42.06  Lot  516 
Canister:  DoD  type  1 


Fuel  flow,  gpm 

Fuel  inlet  temperature,  *F 

Fuel  inlet  pressure,  psi 


20 

80 

7G 


Water  injection  schedule:  0.  002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  tost. 

Solids  injection  schedule:  5.72  g/min  from  0  min  to  20  psi,  then 

discontinue  15  min,  then  5.72  g/min  to 
end  of  test. 


Test  fuel  JP-5 

batch 

no.  25  ,  reused,  clay  treated 

Date  blended  with  additives: 

1 5  July  69 

Anti -icing  additive 

0.15 

vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor 

16 

lb/Mbbl,  Santolene  C  ,  Lot 

NH  04-006 

Test  duration,  min 

67 

Calculated  dirt  loading,  g 

360 

Fuel  throughput,  gal 
Average  rate,  gpm 

1348 

20.1 

Actual  element  weight  gain. 

g  357 

Time 

0  min 

En^  Test 

Meter  reading,  gal 

300 

1648 

Screen  AP,  psi 

2 

2 

Cleanup  AP,  psi 

1 

1 

Analyses  on  influent  fuel: 

Time  Fort  3Ia>  Filter  Pre-Test  Post-Test 

WSIM,  distilled  water  99  85  94 

IFT,  distilled  water,  dyn/ cm  44. 1  37. 0  38. 9 


Analyses  on  injection  water: 
Time 

Solids,  mg /liter 
PH 

ST,  dyn /cm 


Post-Test 

0.2 

7.7 

71.0 
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TABLE  187.  SINGLE -ELEMENT  LOOP  TEST  NO.  323  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent, 

mg/liter 

Influent  fuel 

min 

pei 

Infl 

Effl 

Solids 

Free  water 

temoerature.  *  F 

0 

4.1 

0 

0 

80 

5 

4.  3 

0 

0 

0.06 

0 

80 

10 

4.  5 

0 

0 

80 

15 

4.  7 

0 

0 

80 

20 

4.9 

0 

0 

80 

25 

5.  3 

0 

0 

80 

30 

6.0 

0 

0 

0-1 

80 

35 

6.9 

0 

0 

80 

40 

7.9 

0 

0 

80 

45 

9.  3 

0 

0 

80 

50 

11.1 

0 

0 

80 

55 

13.4 

0 

0 

80 

60 

17.  5 

0 

0 

' 

80 

63 

20.0 

0 

0 

0.02 

5-6 

80 

67 

40.0 

0 

4 

0. 10 

19-20 

80 

69 

42.  5 

0 

4 

80 

70 

36.9 

0 

1 

80 

Schedule:  Minutes  Water,  gpm  Solids,  g/min 

0-63  0. 002  5. 72 

63-67  0.2 


a 

e. 


D, 

<] 
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TABLE  188.  SINGLE- ELEMENT  LOOP  TEST  NO.  324  Date:  17  July  69 


Loop  no.  3(A1/SS)  Housing:  -  8P  ID  Aluminum 

Element:  Filters  Inc,  I  4208  Lot  516 
Canister:  DoD  type  1 

Procedure  no.  13-Q  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  80 

Solids:  Black  Iron  Oxide  (Magnetic)  Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.  002  gpm  from  0  min  to  20  psi,  then 

0.2  gpm  to  end  of  test. 


Solids  injection  schedule: 


5,  72  g/min  from  0  min  to  20  psi,  then 
discontinue  15  min,  then  5.72  g/min  to 
end  of  test. 


Test  fuel  JP-5 

batch 

no.  25  , 

reused,  clay  treated 

Date  blended  with  additives: 

16  July  69 

Anti-icing  additive 

0.15 

vol  %,  Dow,  Lot  C226816 

Corrosion  inhibitor 

16 

lb/Mbbl, 

Santolene  C  t  Dot 

NH  04-006 

Test  duration,  min 

81 

Calculated  dirt  loading,  g 

378 

Fuel  throughput,  gal 

1620 

Actual  element  weight  gain. 

g  391 

Average  rate,  gpm 

20.0 

Time 

0  min 

End  Test 

Meter  reading,  gal 

300 

1920 

Screen  AP,  psi 

2 

2 

Cleanup  AP,  psi 

1 

1 

Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test  Post-Test 

WSIM,  distilled  water  97  90  95 

IFT,  distilled  water,  dyn/cm  41.5  33.  8  38.4 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
PH 

ST,  dyn/cm 


Post-Test 

0.0 

7.9 

71.8 


338 


TABLE  188.  SINGLE -ELEMENT  LOOP  TEST  NO.  324  (Coat'd) 


Time, 

AP, 

Totamitor 

Effluent 

,  mg/liter 

Influent  fuel 

min 

£ii_ 

Infl 

Effl 

Solid# 

Free  water 

temperature.  *F 

0 

3. 1 

0 

0 

80 

5 

3.  3 

0 

) 

0.01 

0-1 

80 

10 

3.4 

0 

0 

80 

15 

3.7 

0 

0 

80 

20 

3.9 

0 

0 

80 

25 

4.4 

0 

0 

80 

30 

4.6 

0 

0 

80 

35 

5.0 

0 

0 

80 

40 

5.8 

0 

0 

80 

45 

7.4 

0 

0 

80 

50 

9.4 

0 

0 

80 

55 

12.0 

0 

0 

80 

60 

14.9 

0 

0 

80 

66 

20.0 

0 

0 

Neg 

3-4 

so 

71 

33. 1 

0 

5 

0.04 

16-17 

80 

76 

36.6 

0 

10 

18-10 

80 

80 

39.2 

0 

13 

20+ 

80 

81 

40.0 

0 

15 

0. JO 

20+ 

80 

83 

46.5 

0 

15 

80 

85 

39.5 

0 

1 

60 

Schedule: 

Minute* 

Water. 

a  pro  Solid*,  g/min 

0- 

66 

0. 002 

5.  72 

66- 

81 

0.2 

20  40  60  80  100  120 


0 


Te*t  time,  minute* 


TABLE  189.  SINGLE- ELEMENT  LOOP  TEST  NO.  325  Date:  22  July  69 

Loop  no.  3(Al/SS)  Housing:  •  8"  ID  Aluminum 

Element:  Bendix4,  No.  69  M  2814 

Canister:  DoD  type  1 


Procedure  no.  8901- B  (Modified) 
Water:  Filtered  Tap  Water 
Solids:  Red  Iron  Oxide  R-9998 


Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  80 
Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.2  gpm  from  0  min  to  end  of  test. 


Solids  injection  schedule:  2.  86  g/min  from  60  min  to  end  of  test. 


Test  fuel  JP-5  batch  no.  25,  reused,  clay  treated 

Date  blended  with  additives:  22  July  69 

Anti-icing  additive  0.15  vol  %,  Dow,  Lot  0226816 

Corrosion  inhibitor  10  lb/Mbbl,  AFA-1  ,  Lot  199 


Test  duration,  min  130 
Fuel  throughput,  gal  2600 
Average  rate,  gpm  20.  0 


Calculated  dirt  loading,  g  200 

Actual  element  weight  gain,  g  134 


Time  0  min 

Meter  reading,  gal  300 

Screen  AP,  psi  2 

Cleanup  AP,  psi  0 


End  Test 
2900 
2 
1 


Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test 

WSIM,  distilled  water  99  72 

IFT.  distillec  .-ater,  dyn/cm  47.7  24.5 


Post  Test 
95 

25.  8 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Pre-Test  Post-Test 
0.  0 
7.6 

69.6  69.4 


a.  Special  element  for  red  iron  oxid;. 


340 


TABLE  189.  SINGLE -ELEMENT  LOOP  TEST  NO.  .25  (Cont'd) 


Time, 

AP, 

Tcfcamitor 

Effluent. 

mz  /liter 

Influent  fuel 

min 

biL. 

InH 

Effl 

Solids 

Free  water 

temperature.  *F 

0 

3.  5 

0 

0 

J 

80 

5 

5.0 

0 

0 

7-8 

80 

10 

4.9 

0 

0 

8-9 

80 

15 

5.0 

0 

1 

9-10 

80 

20 

5.0 

0 

1 

80 

25 

5.0 

0 

1 

80 

30 

5.0 

0 

1 

9-10 

80 

35 

5.1 

0 

1 

80 

40 

5. 1 

0 

l 

80 

45 

5.1 

0 

1 

18-19 

80 

50 

5.1 

0 

1 

17-18 

80 

55 

5.1 

0 

1 

17-13 

80 

60 

5. 1 

0 

2 

11-12 

80 

65 

5. 1 

0 

6 

0.77 

15-16 

80 

70 

5.6 

0 

10 

1.43 

15-16 

80 

75 

5.6 

0 

17 

80 

80 

5.7 

0 

25 

4.65 

8-9 

80 

85 

6.1 

0 

24 

80 

90 

6.  3 

0 

40 

8.48 

7-8 

80 

95 

6.6 

0 

44 

80 

100 

7.1 

0 

47 

12.23 

17-18 

80 

105 

7.2 

0 

49 

80 

no 

7.5 

0 

49 

13.  33 

17-18 

80 

115 

7.  5 

0 

50 

80 

120 

8.0 

0 

53 

18.  36 

17-18 

80 

125 

8.1 

0 

46 

80 

130 

8.6 

a 

55 

17.  57 

17-18 

80 

131 

8.4 

o 

44 

80 

Schedule: 

Minutes 

Water,  gpm  Solids,  g/ 

min 

0-60 

0.2 

60-131 

G.  2 

2.86 

120  140 


ss: 

■■■ 

■■l 
■  •1 
■■■ 

law 

■mm 

ssss 

■■Ml 

■  ■al 
IIH 

■■■! 

iggj 

:s; 

■■  i 

■■1 
as  s 

MM 

iii 

■pi 

■  PC 

ma 

bS 

am 

::: 

IS! 

IS! 

as; 

•MR 

IMl 

iSl 

ipau 

iSs: 

is: 

ss 

■Pm 

MM 

:ss 

■  ■1 
III 

■  ms 

g 

IBS 

ill 

[■Si 

IH 

!■ 

IBI 

i» 

■  ■■Ml 

SS 

IS 

ii 

■II 

■  1 

III 

SSI 

■i1 

jij 

■  ■■ 
Ml 

ici 

■ 

■ 

■ 

iS 

Hi 

SSI 

id 

IBS 

tii 

IBI 

iii 

SSI 

HI 

HI 

IBI 

IBI 

Ml 

■■■ 

in 

IBSI 

HI 

IBS 

l|l 

SB 

■Cl 

ill 

BS 

H 

■■■ 

IM 

IH 

IH 

II 

in 

in 

u 

in 

II 

II 

ii 

ii 

lli 

1 

H 

n 

III 

HI 

ill 

Ml 

III 

III 

III 

II 

III 

II 

II 

n 

1 

m 

n 

1 

ii 

if1 

HI 

II 

1 

1 

III 

1 

1 

II 

I 

1 

1 

M 

IK 

III 

II 

III 

u 

U 

III 

If 

III 

ip 

H 

■mi 

i 

sssi 

In 

Bmmt 

■  MBS 

■  Ml 

n 

| 

1 

a  ssi 

IP 

III 

■  Ml 

1 

■Me 

■PI 

ss» 

■■ 

Smi 

■  SMS 
■■a 

ssa 

1 

MB 

MBgl 

n 

issa 

HI 

■ss 

1 

HI 

2 

n 

•3r 

Zm. 

•SI 

is: 

sas 

22  g 

mi 

■■1 

:ss; 

■■■I 

■Ml 

■Si 

Ml 

ill 

fj 

SS 

Ml 
■  ■1 

Ml 

is 

SS 

■1 
■  ■1 

IMl 

Ml 

•■a 

!Sf 

IMMM 

* 

■■r 

■■ 

asu 

*5a 

■■■ 

■ii 

ii§! 

ibbi 

<MV< 

ii?i 

V 

1*1 

im: 

ill 

i>i 

IV^ 

r  wi 

usk 

MB 

nil 

b| 

!■< 

IBB 

■i 

3  JKi 

ft! 

iMl 

lit 

111! 

[III 

i« 

1C 

Ul 

in 

m 

in 

i 

■ 

H 

■1 

III 

IH 

ii 

■1 

IH 

HI 

IIS 

31 

VI 

ini 

Sil 

III 

Ill 

III 

II 

11 

HI 

n 

HI 

HI 

HI 

II 

1 

| 

II 

III 

II 

U 

II 

IH 

II 

HI 

II 

iin 

II 

1 

|| 

||j 

ii 

ii 

III 

II 

| 

III 

M 

Ul 

II 

ii 

H 

in 

11 

Ml 

1 

IIH 

H 

[ 

H 

in 

II 

II 

III 

1 

n 

III 

1 

HI 

HI 

H 

II 

III 

II 

II 

0  20  40  60  80  100  120 


Te»*  time,  minutes 


341 


TABLE  190  .  SINGLE -ELEMENT  LOOP  TEST  NO.  326  Date:  23  July  69 

Loop  no.  3(A1/SS)  Housing:  8"  ID  Aluminum 

Element:  Bendix*,  No.  69  M  2814 

Canister:  DoD  type  1 

Procedure  no.  8901 -B  (Modified),  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  *F  80 

Solida:  Red  Iron  Oxide  R -9998  Fuel  inlet  preaaure,  pai  70 

Water  injection  schedule:  0.2  gpm  from  0  min  to  end  of  teat. 

Solida  injection  schedule:  2.  86  g/min  from  60  min  to  end  of  test. 


Test  fuel  JP*5  batch  no.  24  ,  reused,  clay  treated 

Date  blended  with  additives:  22  July  69 
Anti-icing  additive  0.15  vol  %,  Dow,  Lot  0226816 
Corrosion  inhibitor  None  lb/Mbbi, 

Test  duration,  min  130 
Fuel  throughput,  gal  2600b 
Average  rate,  gpm  20.  0 


Calculated  dirt  loading,  g  200 

Actual  element  weight  gain,  g  227 


Time 

Meter  reading,  gal 
Screen  AP,  psi 
Cleanup  AP,  psi 


0  min 
312 
2 
1 


End  Test 
2912 
2 
1 


Analyses  on  influent  fuel: 

Time  PoBt  Clay  FUter 

WSIM,  distilled  water  100 

IFT,  distilled  water,  dyn/cm  45‘ 1 


Pre-Test 

95 

46.0 


Post- Test 
98 
46.9 


Analyses  on  injection  water: 
T  ime 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Pre-Test 

*» 

71.8 


Post- Test 
7.6 
0.  3 
71.7 


a.  Special  element  '»■  iron  oxide, 

b.  Brodie  meter  stopped  4  min  into  test, 
.lotameter  reading  constant. 


Flos*  r-itf  maintained  by  holding 
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TABLE  190.  SINGLE -ELEMENT  LOOP  TEST  NO.  326  (Cont’d) 


nc, 

n 


C 

5 

0 

5 

0 


5 

9 

5 

0 

5 

0 

5 

0 

5 

0 

5 

0 

5 

0 

5 

0 

5 

0 

5 

0 


AP, 

Totamitor 

Effluent. 

mg /liter 

Influent  fuel 

ggt 

3.6 

Infl 

Em 

Solid* 

Free  water 

temperature.  °F 

0 

0 

0 

80 

3.  5 

0 

0 

0-1 

80 

5.5 

0 

0 

80 

5.  C 

0 

0 

0-1 

80 

5.7 

0 

0 

80 

5.8 

C 

0 

80 

6.0 

0 

0 

1-2 

80 

6.0 

0 

0 

80 

6.0 

0 

0 

80 

6.1 

0 

0 

2-3 

80 

6. 1 

0 

0 

80 

6.4 

0 

0 

80 

6.6 

0 

0 

2-3 

80 

6.8 

0 

0 

Neg 

2-3 

80 

7.1 

0 

0 

0. 12 

2-3 

80 

7.  3 

0 

0 

80 

7.7 

0 

0 

0.26 

2-3 

80 

8.2 

0 

0 

80 

8.  5 

0 

0 

0.23 

2-3 

80 

8.8 

0 

0 

80 

9.  3 

0 

0 

Neg 

2-3 

80 

9.4 

0 

0 

80 

9.8 

0 

0 

0.02 

2-3 

8C 

10.2 

0 

0 

80 

10.6 

0 

0 

Neg 

2-3 

80 

10.8 

0 

0 

80 

11.2 

0 

0 

0.12 

80 

Schedule: 

Minute* 

Water,  gpm  Solid*,  g/min 

0-60 

0.2 

•  «. 

60-13! 

0.2 

2.  86 

120  UO 


TABLE  191  . 


SINGLE-ELEMENT  LOOP  TEST  NO.  327  Date:  25  July  69 

Loop  no.  3(A1/SS)  Housing:  •  8"  ID  Aluminum 

Element:  Bowsera,  No.  A-1389-B 

Canister:  DoD  type  1 

Procedure  no.  8901  -B  (Modified)  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  1 F  80 

Solids:  Red  Iron  Oxide  R-9998  Fuel  inlet  pressure,  psi  70 

Water  injection  schedule:  0.2  gpm  from  0  min  to  end  of  test. 

Solids  injection  schedule:  2.  86  g/min  from  0  min  to  end  of  test. 

Test  fuel  JP-5  batch  no.  25  ,  reused,  clay  treated 


Date  blended  with  additives: 

24  July  69 

Anti-icing  additive 

0.  15 

vol  Dow,  Lot  0226816 

Corrosion  inhibitor 

10 

lb/Mbbl, 

AFA-1  ,  Lot  199 

Test  duration,  min 

86 

Calculated  dirt  loading,  g  74 

Fuel  throughput,  gal 
Average  rate,  gpm 

1720 

20.0 

Actual  element  weight  gain,  g  62 

Time 

0  min 

End  Test 

Meter  reading,  gal 

300 

2020 

Screen  AP,  psi 

2 

2 

Cleanup  AP,  psi 

0 

1 

Analyses  on  influent  fuel: 

Time  Post  Clay  Filter  Pre-Test  Post-Test 

WSIM,  distilled  water  95  69  77 

IFT,  distilled  water,  dya/cm  47.6  24.7  26.0 

Analyses  on  injection  water: 

Time  Pre-Test  Post-Test 

Solids,  mg/liter  0.  1 

pH 

ST,  dyn/em  70.8  65.4 


a.  Believed  to  be  special  element  for  red  iron  oxide. 
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TABLE  192  .  SINGLE -ELEMENT  LOOP  TEST  NO.  328  Date:  28  July  69 

Loop  no,  3(A1/SS)  Housing:  •  8"  ID  Aluminum 

Element:  Bowser*,  No,  A-1389-B 
Canister:  DoD  type  1 

Procedure  no.  8901-B  (Modified)  Fuel  flow,  gpm  20 

Water:  Filtered  Tap  Water  Fuel  inlet  temperature,  “F  80 

Solids:  Red  Iron  Oxide  R-9998  Fuel  inlet  pressure,  psi  JO 

Water  injection  schedule:  0.2  gpm  from  0  min  to  end  of  test. 

Solids  injection  schedule:  2.  86  g/min  from  6G  min  to  end  of  test. 


Test  fuel  JP-5  batch  no.  25,  fresh,  clay  treated 


Date  blended  with  additives: 

None 

Anti-icing  additive 

None 

vol  %, 

Dow,  Lot 

Corrosion  inhibitor 

None 

lb/Mbbl 

,  ,  Lot 

Test  duration,  min 

130 

Calculated  dirt  loading,  g 

200 

Fuel  throughput,  gal 

2565 

Actual  element  weight  gain,  g 

178 

Average  rate,  gpm 

19.7 

Time 

0  min 

End  Test 

f 

Meter  reading,  gal 

300 

2865 

Screen  AP,  psi 

2 

2 

«*• 

Cleanup  AP,  psi 

0 

1 

Analyses  on  influent  fuel: 
Time 


Post  Clay  Filter 


WSIM,  distilled  water  99 

IFT,  distilled  water,  dyn/cm  48 


Pre-Test 

99 

48.  7 


Post- Test 
100 
48.9 


Analyses  on  injection  water: 
Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Pre-Test 

72.4 


Post-Test 
0.  0 
7.  5 
72.4 


a.  Believed  tc  be  special  element  for  red  iron  oxide. 
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TABLE 

192. 

SINC-LE 

MENT  LOOP  TEST  NO. 

328  (Cont’d) 

Time, 

AP, 

Totamitor 

Elflneut. 

me /liter 

Influent  {del 

min 

BSL. 

ina 

EfC 

Solid* 

Free  water 

temper  atar  e.  *  F 

0 

5.0 

0 

0 

0 

30 

5 

7.3 

G 

0 

80 

10 

7.3 

0 

0 

80 

15 

7.  3 

0 

3 

4*1 

80 

20 

7.  3 

0 

0 

80 

25 

7.  3 

0 

II 

80 

30 

7.3 

0 

n 

2-3 

30 

35 

7.  3 

0 

WM 

30 

40 

7.3 

0 

0 

80 

45 

7.3 

0 

0 

80 

50 

7.3 

0 

0 

80 

55 

7.  5 

0 

0 

80 

60 

7.  5 

0 

0 

2-3 

80 

65 

7.6 

0 

0. 11 

7-8 

80 

70 

8.0 

0 

0 

0.11 

2-3 

30 

75 

8.  C 

0 

c 

80 

80 

8.2 

0 

0 

3 

80 

85 

8.2 

0 

0 

SO 

90 

3.5 

0 

0 

0.25 

3 

SO 

95 

8.6 

0 

0 

80 

100 

12.  0» 

G 

c 

0.10 

3 

80 

105 

7.5 

c 

0 

80 

110 

7.7 

c 

0 

Neg 

4 

80 

115 

7.7 

0 

0 

80 

lZO 

0 

0 

0.11 

7 

80 

125 

0 

0 

80 

13C 

10.5 

0 

0.  04 

3 

80 

132 

8.S 

c 

0 

-0 

a.  Flew  rate  30  gpm 
Schedule: 


Minute*  Water.  gpra 


Solid*,  g/min 


TABLE  193  .  SINGLE- ELEMENT  LOOP  TEST  NO.  329  Date:  2Q  July  69 

Loop  no.  3(A1/SS)  Housing:  •  8"  ID  Aluminum 

Element:  Bowser*.  No.  A-1389-B 

Canister:  DoD  type  1 


Procedure  no.  8901 -B 
Water:  Filtered  Tap  Water 
Solids:  Red  Iron  Cxide  R-9998 


Fuel  flow,  gpm  20 

Fuel  inlet  temperature,  *F  go 
Fuel  inlet  pressure,  psi  70 


Water  injection  schedule:  0.2  gpm  from  0  min  to  end  of  test. 
Solids  injection  schedule:  2.  86  g/min  from  60  min  to  end  of  test. 
Test  fuel  JP-5  batch  no.  25,  reused,  clay  treated 


Date  blended  with  additives: 

28  July  69 

Anti -icing  additive 

0.15 

vol  %,  Dow.  Lot  0226816 

Corrosion  inhibitor 

10 

lb/Mbbl, 

AFA-1  .Lot 

199 

Test  duration,  min 

87 

Calculated  dirt  loading,  g 

77 

Fuel  throughput,  gal 

1740 

Actual  element  weight  gain. 

g  68 

Average  rate,  gpm 

20.0 

Time 

0  min 

End  Test 

Metcx  reading,  gal 

300 

2040 

Screen  AP,  psi 

2 

2 

Cleanup  AP,  psi 

0 

0 

Analyses  on  influent  fuel: 

Time  Post  Clay  Filter 

WS1M,  distilled  water  100 

IFT,  distilled,  water,  dyn/cm 

Analyses  on  injection  water: 

Time 

Solids,  mg/liter 
pH 

ST,  dyn/cm 


Pre-Test 

64 

24.  7 


Pre-Test 


71.2 


Post-Test 

76 

25.1 


Post-Test 
Neg 
7.  5 
72.2 


a.  Believed  to  be  special  element  for  red  iron  oxide. 
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TABLE  193.  SINGLE-ELEMENT  LOOP  TEST  NO.  329  (Cont'd) 


Time, 

AP, 

Totamitor 

Effluent. 

mg /liter 

Influent  fuel 

min 

esL. 

Infll 

EiD. 

Solids 

Free  water 

temperature,' 

0 

5.1 

0 

0 

7-8 

80 

5 

8.6 

0 

1 

18-19 

80 

10 

8.6 

0 

2 

19-20 

80 

15 

8.7 

0 

2 

18-19 

80 

20 

8.7 

0 

2 

80 

25 

8.7 

0 

2 

80 

30 

9.0 

0 

2 

17-18 

80 

35 

9.0 

0 

2 

80 

40 

9.4 

0 

2 

80 

45 

9.5 

0 

2 

17-18 

80 

50 

9.5 

0 

2 

80 

55 

9.5 

0 

2 

80 

60 

9.9 

u 

3 

17-18 

80 

65 

10.4 

0 

8 

0.  37 

20+ 

80 

70 

11.5 

0 

12 

0.  52 

20+ 

80 

75 

13.3 

0 

17 

30 

80 

16.0 

0 

25 

1.07 

20+ 

80 

83 

20.0 

0 

28 

1.71 

20+ 

80 

85 

24.0 

0 

35 

80 

87 

40.0 

0 

72 

2.46 

20+ 

80 

88 

47.5 

0 

22 

80 

91 

50+ 

0 

80 

Schedule: 

Minutes 

Water,  gpm  Solids 

,  g/min 

0-60 

0.2 

,  _ 

60-87 

0.2 

2. 

86 
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separometer  (WSIM)  test,  variability  in  coalescer  disks  was  shown  to  be  one  of  the  primary,  sources  of  poor 
repeatability  pno  significant  improvement  could  be  mad  .*  by  the  use  of  controlled  washing  or  disk-conditioning 
procedu  es.  bu:  the  use  of  fine  media  offered  some  promise  for  improvement.  In  a  small-scale  investigation  of 
low-temperature  plugging  of  filter  media,  it  was  round  that  addition  of  fuel  system  icing  inhibitor  (FSIl)  increased 
the  plugging  rates.  and  that  elimination  of  the  glycerol  component  of  the  FSI1  did  not  solve  the  problem  completely. 
In  an  investigation  of  analytical  methods  for  the  FSII  content  of  fuels,  it  was  found  that  the  standard  refractometer 
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was  effective  in  minimizing  charge  buildup  in  uninhibited  JP-5  fuel  but  was  less  effective  in  these  tests  when  the  fuel 
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